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At the top of this page we illustrate a si 
U-tube, of which there are many in each Gri 
Thermolier. Note the downward pitch of each 
Thus Thermolier assures positive drainage of “ 
Water”’ from each tube. Increases heating efficiet 
Avoids the noisy and destructive “‘water ham 
that comes with collected condensation. 

We also illustrate a cut-away section of 
Thermolier ‘‘header’’. Note how the copper U+t 
is expanded into the cast iron header. No corros 
Safe for 125 pounds working steam pressure. 
more than a half-million in operation, not on 
these joints has ever failed. 

These are only two of the fourteen points 
superiority that save money and provide more ! 
per dollar from Thermolier. 

Send for your copy of \ Sa 
the Thermolier Data N wit ER 
on ae ee ee P | ir 
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B® Work on a completely air conditioned 
building (the $650,000 Public Administra- 
tion Clearing House Building) for the 
University of Chicago’s campus will be 
started this fall, it has been announced. 
Vol. 1, No. 1, of the Philadelphia 
Flectric Co.’s “Air Conditioning News,” 
published last month, headlines: “1936 
Banner Air Conditioning Year—Hotels, 
Office Buildings, Banks, Apartment 
Houses ‘Cash In’ on Comfort Offered the 
Public.” Publication was inaugurated 
because of the lively interest on the part 
of Philadelphia property owners seri- 
ously considering air conditioning, says 
the editor. The “Business Condi- 
tioner,” organ of the Omaha, Neb., Air 
Conditioning Bureau, advises placing 
contracts for air conditioning this fall to 
avoid the air conditioning rush, which 
will “probably be something like a mad 
house during the winter and spring,” 
says that by contracting now, good engi- 
neering and careful and deliberate atten- 
tion to all requirements will be. guaran- 
teed. . . . “Forbes” magazine is offering 
a prize of $100 for the invention of a 
single word to serve in place of the words 
“air conditioning,” the contest closing 
September 15; air conditioning is “today’s 
most promising infant industry,” says the 
announcement. The term “air con- 
ditioning” may have its faults, but it’s 
going to be mighty difficult to replace. 


@ Sales of mechanical coal stokers for 
the first six months of this year showed 
an increase of 93 per cent over the same 
period in 1935, according to figures re- 
leased by the United States Bureau of the 
Census, reports the Committee of Ten. 

One hundred and eight manufact- 
turers of stokers, representing approxi- 
mately 91 per cent of the total value of 
the industry, reported total sales to the 
Bureau for the first half of 1936 of 19,- 
763 units as compared with 10,233 units 
for a like period in 1935. Henry T. 
Cole, president for many years of the 
United States Radiator Corp., Detroit, has 
been elected chairman of the board of the 
corporation. . . . Elwood S. White is the 
new president. Leaving Lakehurst, 
N.J., one Sunday last month, the Airship 
Hindenburg carried the largest commercial 
freight shipment ever made to Europe by 
air, a ‘omplete oil burning home heating 
unit shipped by National Air Condition- 











ing, Inc., of New York. 50,000 
visited The Peoples Gas Light and Coke 
Co.'s “open house” and heating and air 
conditioning show in Chicago during the 
first two weeks after the opening. 


HB Some $395,882,687 of private capital 
was invested in the rehabilitation of pri- 
vately owned property under a guarantee 
against loss of the Federal Housing Ad- 
ministration from August, 1934, through 
June, 1936, according to an analysis of 
the insured loans completed last month 
by the FHA; this involved 1,086,423 
loans. The type of property im- 
proved and the number of loans and the 
dollar volume in each classification are: 
Single family residential—708,403 loans, 
total $211,180,696; multiple residential— 
208,928 loans, $67,031,342; retail store 
and service trades—80,163 loans, $55,719,- 
417; commercial other than retail—14,- 
431 loans, $16,621,644, farm property— 
39,943 loans, $14,930,297; institutional— 
4,224 loans, $3,351,139; industrial 6,529 
loans, $14,859,074; unclassified property 
23,802 loans, $12,189,078. 


@ Three new super-trawlers for the 40- 
Fathom Fisheries Co. have many unusual 
features, according to the “Industrial Bul- 
letin” of Arthur D. Little, Ine. 

Of particular note is the specially re- 
frigerated hold, cork insulated and fitted 
with a unique refrigerating system, said 
to offer interesting possibilities for other 
applications. The holds will be maintained 
at a uniform winter temperature by circu- 
lating cold air between the hull and the 
shell of the fish hold, In this way, the 
average 60 ton load of ice usually carried 
by trawlers may be replaced by extra 
tonnage of fish. 


@ Grover C. Dillman was inaugurated as 
president of the Michigan College of Min- 
ing and Technology, Houghton, Mich., 
August 6, and immediately afterward the 
honorary degree of Doctor of Engineer- 
ing was conferred upon him and upon 
N. S. Osborne, National Bureau of 
Standards physicist and alumnus of the 
college, who is widely known for his 
contributions to steam tables. In his in- 
augural address, Dr. Dillman stressed the 
extension of the college’s research pro- 
gram, which has yielded many scientific 
and engineering papers, including those 
on corrosion in heating systems by Prof. 
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R. R. Seeber and his colleagues. 
Evening courses in air conditioning, venti- 
lating and heating will be offered by the 
Polytechnic Institute of Brooklyn, New 
York, Prof, E. F. Church, Jr., announced 
last month, heating and ventilating the 
first semester, and air conditioning the 
second. Registration may be made during 
the week of September 18. . . . Both 
courses will be presented by John James 

Prof. George M. Allen of Columbia 
School of Architecture, New York City, 
has announced evening courses in air 
conditioning and acoustics which will be 
launched this fall. R. W. Water- 
fill of Buensod-Stacey Air Conditioning, 
Inc., will direct one air conditioning 
course, C. A. Bulkeley, chief engineer of 
Niagara Blower Co., another, and the 
work in acoustics will be under the di- 
rection of V. A. Schlenker, former re- 
search engineer with the Bell Telephone 
Laboratories. 


@ About half an hour before employees 
leave the newly air conditioned head- 
quarters building of the Brown Shoe Co., 
St. Louis, the cooling equipment is shut 
down to permit inside temperatures to 
become somewhat equalised with outdoor 
conditions to avoid “heat shock.” 
One of the most elaborate exhibits for 
the World Power Conference to be held 
in Washington, D. C., this month is the 
U. S. Army Engineers’ model of the Bon- 
neville Dam, complete even down to the 
elaborate set of ladders, locks and by- 
passes built to accommodate the Columbia 
River salman, enable them to get around 
the dam. 
tioned department store, temperatures in 
the fur department were lowered to nearly 
60 degrees. Although employees 
shivered, sales soared, it is reported. 
Because the Reuter Seed Co. of New 
Orleans found that seeds stored in an air 
conditioned room maintained a much 
higher state of germination than pre- 
viously, they recently doubled their air 
conditioned storage facilities, according to 
Westinghouse, whose equipment is used. 
Many store owners feel that it is 
essential to keep doors open to attract cus 
Several air conditioned stores 


In a recently air condi- 


tomers. 
have solved the problem by installing 
screen doors with double layers of screen- 
ing between which is placed clear cello- 


phane. 
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@ When the meat processing plant shown above was erected in Cincinnati, 
Ohio, the builders exercised sound judgment in their selection of pipe 
and sheet metal. They turned to Republic for both products, thus in- 
suring uniformly high quality and dependability throughout the piping 
system and the sheet metal work. 


Toncan Iron Pipe and Sheets— made of an alloy of refined open- 
hearth iron, copper and molybdenum with the highest degree of 
rust-resistance of any ferrous material in its price class—were used 
for heating and processing lines and for ventilating ducts. 
Republic Steel Pipe was also used in the piping system. 


Through centralizing these purchases, the builders obtained 

delivery at one time, they received but one invoice and the 

heating, piping and ventilation systems were backed by the 
reputation of a reliable manufacturer. 


You, too, can insure quality throughout your jobs and at 
the same time show economies by using Republic Steel 
products wherever possible. Write for full information. 


a hepublic Steel 


When writing Republic Steel Corporation for further information, please address Department HP. 
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A RETURN LINE VACUUM PUMP 
THAT CUTS HEATING COST. 


This unusual pump needs no electric current, 
cutting out greatest item of pump operating 
expense. 

More important, this pump insures absolutely 
uniform circulation in system. That means con- 
tinuous steam economy. 


Simple, compact, one moving element, no 
wearing parts, no internal lubrication. Bulletin 
No. 203 gives the facts. Your copy is waiting. 


THE NASH ENGINEERING COMPANY 
SOUTH NORWALK, CONNECTICUT, U. S. A. 
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By Robert P. Schoenijahn* 


OME years ago a group of public spirited Delaware 

citizens recognized the need for improved educa- 

tional facilities within the state and instituted a 
survey to present to the public a program for a unified 
educational system and a plan to finance replacement of 
obsolete school buildings. In due time a definite pro- 
gram was put into effect, and throughout the cities, 
townships and counties there grew a new order of edu- 
cational ideals and a demand for the abandonment of 
the older structures. 


*Cons ting Engineer, Wilmington, Dela. Member of Board of Con- 
sulting and Contributing Editors. 


a 


While such an undertaking can never be recorded as 
completed, another milestone in its development was 
marked by the erection of the Pierre S. duPont High 
School in Wilmington, completed and occupied last fall. 
The building of this modern high school was made 
possible by an appropriation of the state legislature, sup- 
plemented by a PWA grant, making available nearly 
$2,000,000 for the purchase of a site, the construction and 
equipment of the building, and the complete development 
of the grounds. 

This beautiful structure was designed by E. William 
Martin, Registered Architect of Wilmington. It is of 





Completion of Wilmington’s Pierre S. duPont High 
School marked a milestone in the progress of the 
school development program inaugurated some years 
ago by a group of Delaware citizens who, recogniz- 
ing the need of improved educational facilities 
within the state, instituted a plan for a unified 


ee 


school system and the financing and replacement of 
obsolete buildings . . . . Incorporating mechanical 
features representing recent practice, some of which 
are unique in application, this story of the job by 
the consulting engineer is more than straight de- 
scription, includes many ideas and suggestions 
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Georgian design, laid out in modified “E” formation, 
the main portion being three stories in height, wit! a 
usable portion of the basement at grade. The building 


is planned for an ultimate capacity of 2200 students a 
represents a most complete study of local needs. he 
structure is complete in every detail, fitted with ex- 
cellent equipment. The site embraces a plot of about 


twenty acres near the northerly limits of the city and 
has been completely developed with athletic arena, play 
fields, parking spaces, landscaping, new. streets and 
walks. . 

The mechanical features are set forth in some 
pages of specifications and are portrayed by some 29 
sheets of drawings illustrating the ventilating and heat- 
ing systems and the plumbing and electrical work. As 
all of these so-called “mechanical” trades are inter- 
related, one section of the work cannot be described 
without some reference to the others. Most careful 
study was required to produce a well co-ordinated de- 
sign that would permit all parts of these trades to be 
installed harmoniously, so that each and every part 
would fit into an intricate structure. 

The design of the mechanical equipment for any 
school building can scarcely be entirely original, but 
usually exploits the modern trend best suited to the 
needs of the community, influenced by traditional prac- 
tice ; yet it should express the technique and experience 
of the designing engineer. A description of the ventilat- 
ing and heating system as applied to the Pierre S. du- 
Pont school may therefore be of interest as there are 
features representing recent practice, some of which are 
unique in application. 


a 
250 


Boilers Are Stoker Fired 


In the course of the development of the building plans, 
the boiler plant gravitated quite naturally toward the 
physical center of the unit, being placed below the 
cafeteria and kitchen wing, with the boiler room floor 
about 23 ft below grade. Considerable saving in ex- 
cavation was effected by placing the coal vault at an 
elevation 8 ft higher than boiler room floor, thus per- 
mitting fuel to be discharged from this upper level into 
the top of the stoker hoppers. The available fuel storage 
is about 450 tons based on an average depth of 8 ft. 
Entrances to the boiler room are from an outside stair- 
way and from the basement corridor with steel stairway 
from which leads a suspended runway to gain access to 
the main control valves for the heating and plumbing 
supply mains. 

The boiler plant includes three specially designed 
steel fire box type, stoker equipped boilers, each having 
a rating of 29,000 sq ft E.D.R. based on the Steel //eat- 
ing Boiler Institute code, with enlarged fire box pro- 
viding 150 cu ft of combustion chamber. To insure long 
life the boilers are constructed with plates suitable for 
100 lb steam working pressure, though in other respects 
they are designed for low pressure (15 Ib) in accordanet 


with the A.S.M.E. boiler code. The combustion cham- 


ber is designed to permit the stoker to develop !-> pet 
cent of normal rating without emitting smoke. [he 
boilers are set on brick wall foundations with stee! plate 

base and brick lined ashpits. 
Each boiler is equipped with a heavy duty ~ 
th 


driven underfeed mechanical stoker arrange: 
variable speed mechanism for fuel and air control, 
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by three phase constant speed motors. Each stoker is 
connected with an electrical combustion control system 
actuating the main draft damper, the fuel feed and the 
air supply control mechanism, thus co-ordinating the 
three fundamentals for efficient combustion, maintaining 
uniform steam pressure and a balanced draft condition 
without hunting. The stoker motor controls are pro- 
vided with adequate protection for no voltage and over- 
load, interlocked with an electric low water cut-out 
switch on the automatic water feeder. 

To aid efficient operation without unnecessary labor, 
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the loop exposed at the ceilings of rooms. Correspond- 
ing return mains are carried parallel with the steam 
supply and as both are graded in the same direction, 
the exposed piping is less conspicuous than the con- 
ventional design with horizontal steam and return run- 
outs from risers graded in opposite directions. 

Certain parts of the building have separate steam sup- 
ply with overhead mains in basement and downfeed 
supplies to drip points. These mains serve the two gym- 
nasium wings, the cafeteria and the auditorium, so these 
sections of the building may be used separately at night, 


each boiler is equipped with a soot blower system with 


central air compressor. 
This equipment permits 
thorough easy cleaning 
of tube surfaces and is 
used daily. Special clean- 
ing equipment connected 
to the central vacuum 
cleaning system for the 
school is provided to re- 
move soot and fly ash 
from the boiler, breech- 
ing and base of chimney. 

The boilers are con- 
nected to a steam header 


TOP TO BOTTOM 


The boiler plant comprises three stoker fired steel fire box 
boilers, each rated at 29,000 sq ft E.D.R. View shows stoker 
hoppers which are filled from loading platform. . . . Class 
rooms are equipped with ventilating heater units and supple- 
mentary direct radiation, all connected with pneumatic tem- 
perature control system. View shows ventilating heater unit 
with front and end covers removed. . . . Class rooms are pro- 
vided with gravity vent outlet at floor with connection to hori- 
zontal trunk ducts above hung ceiling of corridor, which lead 
into vent tower in attic. . . . Locker and shower room exhaust 
systems, where moisture laden air is removed, are provided with 
duct work of sheet copper and exhaust grilles of aluminum. 
. . - 48 in. x 120 in. hot water generators equipped to heat 
500 gal per hr each from 50 to 180 F with steam at 2 lb ga 


while the mains to class rooms can be cut off. It is to 


be noted that radiation 
in vestibules and corri- 
dors leading to each 
section is connected to 
the corresponding steam 
mains serving that sec- 
tion of building. 

Each system of steam 
distribution is provided 
with a corresponding re- 
turn main continued sep- 
arately back to the boiler 
room, and is there pro- 
vided with a stop and 
drain valve at the con- 





in which are located two 

special reducing valves 

used in conjunction with two vapor turbine driven vacuum 
pump units of the heating system. These units, each with 
a rating of 30,000 sq ft E.D.R., are each equipped with a 
cast iron receiver tank and two condensate vacuum 
pumps, one driven by a low pressure steam turbine on 
2% lb steam pressure differential, used for normal oper- 
ation; the other pump is electrically driven, fitted with 
automatic control to start the motor if the turbine driven 
pump should stop for any reason. The turbines con- 
sume only 1800 Ib per hr of steam utilizing but 10 per 
cent of energy input, the balance being passed into 
heating system. A minimum of 1,000 Ib per hr of steam 
is required to operate the turbine; hence if the heating 
load (radiation and main losses) is less than 4000 sq ft 
demand, the electrical end of the vacuum pump unit 
automatically comes into operation. During normal 
conditions the vacuum pumps operate without cost for 
electric current, the turbines acting as a reducing valve, 
while steam required in excess of the turbine demand 
is automatically bypassed through the two specially 
designed butterfly reducing valves in the main header. 
The boilers are operated to maintain steam pressure of 
about 5 Ib gauge; this results in a uniform pressure of 
2 to 2% Ib in the two steam heating distribution headers. 


Layout of Steam Mains 


The heating system consists of a low pressure vacuum 
system supplying steam at about 2 Ib initial pressure 
to radiation and maintaining a vacuum of about 7 in. of 
mercury on the return header at the vacuum pumps. 
The system of steam distribution provides for separately 
valved mains; two serving upfeed risers to overhead 
mains in the attic, with downfeed supply for each vertical 
group of class rooms. These supplies are installed as a 
continuous loop entering and leaving vertical chases in 
the outside walls, with only the horizontal portion of 





nection to the return 
headers at the vacuum pump. units. 

In general, all steam supply and return piping is in- 
stalled with welded construction using forged welding 
fittings on pipe sizes down to and including 1% in. 
Welding fittings with threaded outlets are used for all 
branch runouts 1% in. and smaller. Branch runouts to 
radiation where 1% in. or smaller are made up with 
threaded pipe and screwed cast iron fittings. The 
welded pipe construction was adopted to guard against 
possible leaks as much of this work is above plaster 
ceilings and concealed in walls and partitions. A rigid 
specification for welding was adopted and all work was 
carefully inspected and tested before covering was ap- 
plied or pipes concealed. 

All steam mains are standard weight steel pipe, the 
return piping being genuine wrought iron pipe. All 
pipe work was tested to 100 lb gauge by filling with 
water which was used to wash out the system, and again 
tested with steam at 10 lb gauge with trap interiors re- 
moved during the period of temporary heating, thus 
guarding against possible leakage from expansion and 
contraction, 

In general all piping is insulated with 85 per cent 
sectional magnesia covering, except horizontal runouts 
at class room ceilings and return mains in basement. 
Within the unfinished rooms and pipe spaces the covering 
is painted with two coats of emulsified asphaltum, while 
in finished rooms, covering and exposed pipe work is 
painted with three coats of special oil paint. Piping 
systems are identified by dip painting the covering bands 
in enamel of different colors. This is very serviceable 
and permits uniform color to be applied to covering and 
pipe work. 

The traps are constructed with monel metal interiors, 
including bellows, valve pin and seats which are remov- 
able. Drip points in the steam system are terminated 
with a special cast iron drip fitting having valve, strainer 





The boilers, equipped with motor driven underfeed stokers 
capable of producing 125 per cent rating. Each stoker unit 
is fitted with an electric combustion control shown supported 
from underside of coal loading platform. . . . Each boiler is 
fitted with a soot blower with special control valve, all located 
on rear combustion doors. These are used daily to clean 


and float type trap with thermostatic air vent connecting 
into vacuum return lines. 


Hot Water Service 


Hlot water for domestic use is a considerable factor 
in a building containing so many showers, a large cafe- 
teria, domestic science departments and many lavatories 
and sinks. To provide an unfailing source of hot water 
supply the specifications provided each heating boiler to 
he equipped with an external submerged coil type in- 
direct hot water heater having a capacity to heat 800 
gal per hr of water through 100 deg rise with water 
in the boiler at 212 deg. These heaters are cross con- 
nected by copper circulating lines to two 1,000 gal hot 
water storage tanks which are also equipped with re- 
movable manifold type steam heating coils each having 
capacity to heat 500 gal per hr from 50 to 180 F when 
supplied with steam at 2 lb gauge. The combination of 
the indirect heaters and steam heating coils is used when 
the heating boilers are in service; at other times hot 
water is generated by a separate hand fired steam boiler 
connected to the heating coils in storage tanks. This 
provides three methods of generating hot water for do- 
mestic requirements. 


Unit Ventilators and Their Control 


Typical class rooms are equipped with a heating and 
ventilating unit of the semi-recessed type projecting only 
8 in. in the room, contained in a neatly designed en- 
closure with duco enamel finish and stainless steel trim. 
Supplementary direct cast iron radiation is installed in 
conjunction with the units. 

Each room is equipped with pneumatic temperature 
control designed to deliver full heating output of both 
unit and direct radiator during the heating up period. 
When the room reaches 67 F the thermostat cuts off the 
direct radiator and opens the outside air damper in the 
unit to admit a minimum of ™% outdoor air with steam 
on heating element of unit until the room temperature 
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heating surface and maintain high efficiency. . 


. . The several 
steam distribution mains have corresponding vacuum return 
mains carried back to headers at the vacuum pump. Each 
return has separate stop and drain valve to visible discharge 


to facilitate detecting trouble in any section. . . . The 25,000 
efm auditorium fan, driven by a 74% hp motor through V-belts 


reaches 70 F, when all steam is shut off at the unit. With 
any increase in temperature above 70 F the damper 
opens to increase the quantity of outdoor air and reduce 
recirculated air. A leak-stat located above the unit heat- 
ing element prevents the air stream from the unit entering 
the room below 60 F. This method of control compen- 
sates for body heat of occupants and sun effect ; at times 
the unit may be delivering all outdoor air even in very 
cold weather with a room fully occupied and the sun 
shining on windows. 

Experience indicates that satisfactory relative humidity 
is maintained due to the proportioning method of con- 
trolling the mixture of outdoor and recirculated air. 
The rooms are remarkably free from odors. Former 
requirements governing the installation of heating and 
ventilating units made it mandatory to supply all outdoor 
air during school occupancy. The type of units and 
system of temperature control installed effects a sub- 
stantial saving in fuel and has justified the rejection of 
the old criteria of 30 cfm of outdoor air per pupil at all 
times. 

All classrooms are arranged with gravity exhaust out- 
let at the floor connected by sheet metal duct leading 
into collecting ducts within corridor ceilings ; these con- 
tinue separately to main ducts in attic, there connect to 
a central chamber in the vent tower. Pneumatically 
operated louvre dampers are built into the tower duct; 
these are closed to prevent loss of heat from the building 
when school is not in session. The operation of the 
ventilating heater units and gravity vent dampers Is auto- 
matically controlled as described later. 

In general all corridors, stairways, toilet rooms 
other spaces not used for classes or assembly are hical 
by direct radiators fitted with self-contained temp 
control valves which function with reasonable accu 
and effect a substantial saving in fuel. 

Heating and ventilating units also heat the ma 
trance and lobby, the gymnasiums, the cafeter: 
certain special rooms ; all are fitted with the same s) 
of pneumatic temperature control. 
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Two Large Gymnasiums 


It is of interest to note the facilities devoted to the 
physical development and health of pupils; there are two 
large gymnasiums, one for boys and one for girls; and 
separate corrective health rooms equipped for the care 
of pupils with physical defects. 

The auditorium is a most attractive room with lime- 
stone wainscot, acoustical sound treatment and fully 
equipped stage having standard theatrical overhead grid 
for drops and scenery, thyratron dimmer control for 
stage lighting effects, complete motion picture and sound 
equipment, radio with remote control, amplifiers and 
microphones. This room is provided with a separate 
heating and ventilating system comprising a central fan 
room with primary and secondary heaters, outdoor air 
duct, automatic air filters and complete automatic tem- 
perature control. The mushroom system of air distribu- 
tion was adopted, delivering tempered air under seats; 
supplementary concealed radiation is installed to deliver 
heated air at window sills to prevent local down-drafts. 
Gravity exhaust is provided for removal of vitiated air, 
grilles being placed under the balcony and in the main 
ceiling, all connected by sheet metal ducts to roof venti- 
lators fitted with pneumatically actuated dampers. Air 
distribution is balanced to produce uniform temperature 
conditions at any location on the main floor or in the 
balcony. For quick heating of this large room, provision 
is made to recirculate air through the fan system. The 
main ducts from the air supply fan are lined with rubber 
impregnated acoustical hair felt which completely elim- 
inates transmission of fan or air noise. The concealed 
direct radiation is sufficient to maintain 50 F room tem- 
perature in zero weather when the fan system may not 
be in service. 


Program Clock Control Cuts Electrical Demand 


At this point it may be well to describe a rather unique 
feature in the application of a program clock system to 
control automatically the operation of the heating and 
ventilating system. This feature was adopted to bring 
into service at the proper time the various systems which 
are usually started manually by the fireman or janitor. 
All circuits for motor driven apparatus and air lines for 
damper control originate in the switchboard room off the 
boiler room, where a drum type program clock is in- 
stalled with selective contacts which automatically throw 
on and off the various electrical circuits through mag- 
netic contactor switches and operate electro-magnetic air 
Switches in air lines to main dampers in gravity vent 
systems. As an example of the operation, the ventilating 
heater units in rooms are started at a predetermined time 
for heating the building in the morning, those along the 
north side starting first, then west, east, and finally the 
south side, each at an interval of several minutes. This 
eliminates sudden electrical peak loads and permits the 
gradual building-up of steam demand on the boilers. 
About 15 minutes before the first class period, the clock 
actuates the circuits operating the fan motors of the 
several toilet room exhaust systems and opens all gravity 
vent dampers. At the closing hour of school the clock 
Causes the reverse sequence to take place. The clock 


program is set up for the entire year including regular 
schol days, Saturdays, Sundays and holidays, month 
by montl 
y month. 


Provision for emergency operation is made 
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Summary of Equipment 
Boiler Plant: 


Three 29,000 sq ft E.D.R. steel boilers. 

Two 30,000 sq ft duplex turbo-electric vacuum pumps. 

Three electric driven underfeed stokers. 

Combustion control for each stoker. 

One 4170 sq ft steam fire box boiler for auxiliary hot water heating. 
Boiler soot blower system. 


Heating System: 


Two pipe steam-vacuum 


Total connected heating demand (less main losses)... 57,000 sq ft E.D.R. 


Cast ison vadiation .....cccssses ame beh nks oRtat 13,286 sq ft E.D.R. 
SG: DENIED 00 6hcdoacereaccndsteasedeees sien 6,994 sq ft E.D.R. 
Seventy-six ventilating class room heater units. . 13,376 sq ft 
Sixteen special ventilating heater units............ 15,668 sq ft 
Indirect radiation for auditorium .............45: 1,272 sq ft E.D.R. 
Dee SNe TREE. GIN a 8 dens hc cc cece se cscovtas 5,800 sq ft E.D.R. 


Ventilating System: 


Auditorium fan, 25,000 cfm, 338 rpm. 
Motor, 7% hp, 208 volt, 3 phase, 60 cycle with V-belt drive 
Air filters, automatic motor driven type. 


Exhaust Ventilating Systems: 


Eleven multivane fan exhaust systems removing a total of.. 33,220 cfm 
Three propeller fan exhaust systems removing a total of 3,600 cfm 
Three power roof ventilating exhaust systems removing a total of 2,240 cfm 
Two chemical exhaust systems removing a total of ......... 900 cfm 


Total air removed by fan exhaust systems............. 39,960 cfm 





by means of manual switches to bypass the clock pro- 
gram for each circuit, which meets the condition for 
special classes or meetings at night or on non-school 
days. However, should the attendant fail to stop any 
equipment which has been manually started, the program 
clock will automatically cut it out of service after 11 p. m. 
and then re-set the circuit for automatic clock control for 
the next morning operating cycle. 

A further use of this program clock is to prevent the 
operation of certain large motor driven equipment, such 
as the 25 hp vacuum cleaning system motor, until such 
time as other motors are off the line. This automatically 
reduces peak electrical demands and effects a substantial 
saving in the demand charges for electrical service. 

This program clock is also connected to operate the 
automatic flushing system for urinals. The water supply 
mains to various toilet rooms are zoned and the branch 
lines to various groups of urinals are fitted with pneu- 
matically actuated flush valves controlled by electro- 
pneumatic switches which are operated at 15 minute 
intervals during school hours and at longer periods after 
school. Any timing is possible from 5 minutes up. 


Seventeen Exhaust Systems 


There is a total of 17 separate mechanical exhaust 
systems. Eleven are devoted to ventilation of the general 
and special toilet rooms, while others are provided for 
the removal of vitiated air from the general offices and 
interior private toilet rooms, shower and locker rooms, 
miscellaneous interior rooms and janitor’s closets. These 
systems are provided with lock type registers to balance 
the air distribution, the sheet metal ducts leading into 
the attic space where motor driven exhaust fans are 
located. The fans are operated by remote control through 
magnetic contactors, started and stopped by the program 
clock previously mentioned; a damper operated by an 
electro-pneumatic switch is placed in the duct connection 





at each fan to open on starting of motor and close on 
stopping. This prevents unnecessary air and heat loss 
from the building after school hours. 

The kitchen has a separate exhaust system, having a 
stainless steel hood over cooking equipment with a duct 
leading to the fan on the roof, arranged with automatic 
damper and fire damper in bypass to a free exhaust, to 
protect fan in case of fire in hood or duct. Fan is housed 
in enclosure of 24 oz crimped copper built on an angle 
iron framework. 

There are two separate systems of exhaust in the 
chemistry rooms for removal of fumes from hoods. Con- 
nections from hoods to fans are of duriron with pipe of 
same material into hood; the discharge ducts from fans 
are fabricated of acid resisting metal with all welded 
construction and discharge through vent chimneys. These 
fans are locally controlled by thermal switch at each 
group of fume hoods. The interior of hood is built with 
a false back of transite board with exhaust opening top 
and bottom and fitted with slide dampers connected by 
vertical bar to permit adjustment for air removal from 
bottom or top as required. 

The smaller exhaust fans are direct connected, and the 
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larger units are fitted with V-belt drives. All are 
mounted on structural steel foundation bases with float- 
ing type rubber sound and vibration isolation pads. Con- 
nections from fans to ducts are made with heavy oil 
impregnated canvas collars, except for the kitchen fan 
which is made up with % in. thick woven wire asbestos 
collars. 

Special care was taken in the planning of cat walks 
throughout the attic space so each and every fan, damper 
and valve of piping systems can be easily serviced. 

The exhaust systems for the boys’ and girls’ shower 
rooms, where considerable moisture is present, are 
installed with sheet copper ducts connected to registers 
with polished aluminum grille faces. 

The gravity exhaust systems for class rooms as pre- 
viously noted have sheet metal ducts leading to main col- 
lecting ducts in the attic space, exhausting vitiated air 
through louvres in the main tower of the building. This 
system was adopted in lieu of venting into the roof space 
as the roof sheathing is wood and the attic space could 
not be considered fireproof construction. The building 
is fully equipped with approved lightning rods protecting 
the tower and all points of the roof. 


Air Outlet Fixture Adapts Existing Ventilating 
Ducts to Conditioned Air Distribution 





Air outlet fixture attached to existing ventilating grille to direct con- 
ditioned air toward side walls as well as toward center of auditorium 


HE novel air outlet fixture illustrated here was 

worked out for the silica gel air conditioning 
system for the home service auditorium in the Peoples 
Gas, Light & Coke Co.’s building in Chicago. 

The auditorium is a large hall two stories in height, 
along each side of which runs a bay one story high. An 
existing ventilating duct ran along each side of the hall, 
immediately above the one story bay, discharging air 
horizontally toward the center of the auditorium only. 


When air conditioning was installed, it was desired 
to use these existing ducts, but it was deemed necessary 
for the air to be discharged not only toward the center 
of the auditorium, but back under the ceilings of the 
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one story bays as well. The outlet illustrated was there- 
fore designed to fit over the existing ventilating grilles, 
taking the air down just below the ceiling level of the 
bay and there discharging part of the air toward the 
center of the auditorium and part into the bay. The 
fixtures—ten were required—are nicely finished with 
a bright metal trim and do not in any way mar the 
appearance of the auditorium. 

Careful observations since the air conditioning plant 
was put into operation indicate very satisfactory 4!f 
distribution. The auditorium is the scene of the “home 
comfort show” sponsored by the gas company, at which 
is exhibited many types of air conditioning and gas fired 
heating equipment. 











How to Design Steam Piping for Maxi- 


mum Capacity and High Pressure Drop 


By Max W. Benjamin*, with 
a note by Sabin Crocker** 


S distinguished from the cases commonly met in 

the calculation of pressure losses in piping, the 

writer was recently called upon to solve a steam 
flow problem which involved the well established but 
seldom encountered phenomenon of acoustic velocity in 
the flow of elastic media. While the fundamentals under- 
lying such cases can be found in many books on physics 
and thermodynamics it is believed that their application 
to piping problems has not been brought sufficiently to 
the attention of piping designers. It is the purpose of 
the present article to point out the limitation which this 
natural phenomenon imposes on the capacity of a pipe 
line and to illustrate how it may be dealt with when 
encountered. 


Two Classes of Service Where Acoustic Velocity 
Limit Occurs 


There are at least two classes of service in which the 
acoustic velocity limit may occur: 

(1) Where a large pressure drop is available which may be 
utilized in selecting the minimum size of line needed for a given 
capacity. 

(2) Where the fluid is flowing at very low pressures so that 
the pressure loss is quite large relative to the static pressure in 
the line. 

An example of the first case would be a central heating 
system where a relatively short line feeds a constant 
pressure steam distribution network from boilers at con- 
siderably higher pressure. At partial loads it would be 
necessary to do some throttling between the boilers and 
the distribution system but it is conceivable that the 
pipe size could be so chosen that at full load all the 
desired pressure loss would occur in the piping itself. 
An example of the second case would be the exhaust 
steam piping between a turbine and a condenser situated 
some distance away. Other examples probably will 
occur to the reader, depending upon his particular field 
ot experience. 


Restricted Application of Usual Formulas 


In all formulas for pipe friction the pressure loss for 
turbulent flow is some function of the quantity of flow 
raised to about the second power multiplied by the length 
ot the line. For a given pressure loss, therefore, the 
rate of flow increases as the length of line decreases, 
and in the extreme the flow would become infinite if the 
length of line were reduced to zero. Infinite flow would, 
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of course, mean infinite velocity. Actually, with all ex- 
pansive fluids, such as steam and air, the velocity of flow 
in a conduit of uniform cross-sectional area cannot 
exceed the acoustic velocity, which is the velocity of 
sound in the particular fluid at the pressure condition 
involved. Furthermore, there must be sufficient avail- 
able energy between the initial and final pressure to 
produce the necessary increase in velocity. 


! 


eee 





INLE 


Fig. 1—Illustrating description of behavior of gases and 
vapors having adiabatic exponent greater than unity 


EXHAUST 














If an experiment be carried out in which steam at high 
pressure is allowed to flow through a short pipe into a 
region of lower pressure as illustrated in Fig. 1, the 
following pressure conditions can be observed. With 
the valve in the exhaust line closed, gages A, B, and C 
all indicate the same pressure. When the valve is opened 
slightly a relatively small flow of steam takes place. 
Pressure A remains constant, but pressures B and C 
both fall somewhat and are equa to each other. As the 
valve is opened to permit still greater flows, pressures 
B and C fall still more and again remain equal until a 
point is reached where their value is about 58 per cent 
of pressure A. As the valve is again opened further, 
pressure C drops still lower but pressure B remains at 
58 per cent of pressure A. Furthermore, if the steam 
flowing through the apparatus had been condensed and 
weighed during the experiment it would be found that 
as the valve is opened more and more from its closed 
position the rate of flow would increase until pressures 
B and C had dropped to 58 per cent of pressure A, and 
that further opening of the valve would not result in any 
further increase in the rate of flow. If the steam velocity 
in the short pipe be computed for the maximum flow it 
will be found equal to the velocity of sound in steam at 
pressure B, 

The performance just described is typical of the 
natural behavior of all gases and vapors which have an 
“adiabatic exponent” greater than unity. Table 1 gives 
the adiabatic exponents for a number of gases and 
vapors. These exponents are used to calculate the 
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A short time ago we had occasion to compute the size of 
the exhaust line required for an emergency steam driven 
boiler feed pump turbine which on the few occasions it is 
operated exhausts either to the main unit condenser or to 
atmosphere. Since considerable pressure drop was available 
for producing flow to the condenser, we had in mind using 
as high a steam velocity as possible so as to keep the pipe 
diameter small, On investigation, however, we found that 
not all of the available pressure drop could be converted into 
speed within the ceiling established by the acoustical veloc- 
ity. In other words, it was necessary to use a larger pipe 
diameter than called for on a pressure drop basis, merely 
because the steam could not be made to travel faster than 
the acoustical velocity. 

There are certain instances in piping design where it is 
possible to take advantage of a large available pressure drop 








to reduce the size of line required. An example of this js 
the case of central heating system feeders. Such lines, how- 
ever, must be designed carefully so as not to reduce the siz. 
to an extent which would require velocities in excess of th 
acoustic velocity for the expected capacity. There are othe: 
cases where the acoustic velocity will be obtained irrespe: 

tive of any practicable size which may be chosen for the i: 

stallation. Such a case is a steam exhaust line connected {. 
a condenser at very low absolute pressure. The pressure 
loss will vary with the pipe size, however, and the calcula 

tion of the drop is rather different for such a case than for 
the usual pipe line. 

Mr. Benjamin's article calls attention to the limitations of 
velocity for elastic fluids, and is, I believe, a timely contribu- 
tion. The example and the graphs help to visualize the 
effects of acoustic velocity on capacity—SaBin CRocKER. 





acoustic velocity as explained in step 2 of the sample 
problem given later, and may also be used to determine 
the ratio of the critical to the initial pressure as 

9? n 


— 


n+ 1 

The lower 58 (for steam) per cent of the available 
pressure drop may be used to obtain velocities higher 
than the velocity of sound if a divergent section is at- 
tached beyond the point where the velocity of sound is 
attained. It is the nature of these elastic fluids that the 
specific volume increases faster than the velocity at all 
velocities above the acoustic. If the conduit is not shaped 
to provide for this volume expansion, the accelerated 
increase in volume cannot take place and therefore any 
increase in velocity beyond the velocity of sound is not 
possible. It should be noted, too, that the addition of 
a divergent section does not increase the capacity of the 
line, but merely permits the utilization of the lower 
range of pressure drop for the production of additional 
velocity at a greater specific volume. 

The phenomenon described in the imaginary experi- 
ment is discussed mathematically in Loewenstein’s trans- 
lation of Stodola’s “Steam and Gas Turbines,” Vol. I, 
p. 61, in Emswiler’s “Thermodynamics” and in many 
other text books on physics and thermodynamics. At 
the Swiss Federal Institute of Technology, Zurich, is 
a wind tunnel designed for air velocities exceeding the 
acoustic. Recognition of the fact that velocities exceed- 


Table 1 


SUBSTANCE 


Adiabatic Exponents for Gases and Vapors 
ApIaABATIC EXPONENT, 


NE. as woke vebeset eee ele eis te a Pelt ee oe oe ee 1.28 
NT Ar at ed ee ee eS te sek ada bw ek pea ee eee 1.4 

0 OSES ie ee ea 1,31 
ee a OP ee ae ee oe a 1.66 
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0 ae Se oe Pep ene TN Gey erate ye oar 1.20 
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Hydrochloric acid ... Eee me th Detewdalsedneueawee 1.40 
puta co a ddaakels wee mead eebenin eal saa be 
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Fig. 2—Diagram showing relationships between pressure 
drop, length of pipe line, and weight of flow for steam 


The length of pipe line increases in the alphabetical order 
given, that is, length D is the longest line shown. It will be 
noted that in the case of a nozzle the weight of flow does not 
increase after the final pressure has dropped to the critical pressure 
which is 58 per cent of the initial pressure. With a finite length 
of piping, the weight of flow at all final pressures is less than 


with a nozzle because of friction losses, and the acoustic velocity 
is not reached until the pressure has dropped below the critical 
pressure. In any case, however, the weight of flow cannot 


exceed the weight corresponding to the acoustic velocity. Higher 


velocities may be obtained by the use of a diverging nozzlk 
increasing cross-section beyond the point where acoustic velocity 
occurs, but this of course cannot increase the weight of fluid 
flowing through the section where the acoustic velocity exists 


ing that of sound could not be obtained in a conduit of 
uniform cross-sectional area led the designers to provide 
a divergent nozzle ahead of the “super-sound-velocity” 
section. Steam turbine nozzles very often have a <iver- 
gent section so as to utilize effectively the available 
.nergy of the steam. 

In any case of a conduit having uniform size the possi- 
bility of acoustic velocity is indicated if the final pressure 
is less than 58 per cent of the initial pressure for steam, 
or 53 per cent for air. These are the pressure ratios 
which denote the critical pressure and hence determine 


the acoustic velocity in properly proportioned short 
nozzles. The actual final velocity in a pipe | will 
depend upon friction losses as well as the lable 
pressure drop. Fig. 2 shows the general rela‘ — 

riow. 


between length of line, pressure drop, and weigh 
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Fig. 4—Approximate values ‘30 I on | 7 ) ny - 
of acoustic velocity for steam le S Se te | | | 
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any set of conditions the acoustic velocity may 
be computed as shown in step 2 of the out- a5 Fa A AIT EAP AM ONCE 55 


line of procedure given below. 
Design of an Exhaust Line 


It is thought that the solution of an actual problem for 
a low pressure exhaust line will help to clarify the fore- 
going discussion as well as show in detail the procedure 
necessary for determining the pipe size in this real case. 

The piping under consideration connects the exhaust 
of a small turbine to a surface condenser, Fig. 3. The 
condenser pressure is known and the equivalent length 
of pipe line and approximate steam flow are known. It 
is desired to determine the absolute pressure at the ex- 
haust of the turbine for different sizes of exhaust piping 
so as to select the most suitable pipe diameter. 

With a condenser pressure of 1 in. Hg absolute it is 
practically certain that the final pressure (that is, at the 
condenser end) will be less than 58 per cent of the 
initial pressure (turbine end) since that would make the 
initial pressure only 1--0.58= 1.72 in. Hg abs and 
would allow only 0.72 in. Hg for friction loss. The 
procedure then is as follows: 

1. Assume a pipe diameter and, from the piping layout, cal- 
culate the equivalent length. 






Fig. 3—Exhaust line from 
small turbine to surface 
condenser used in sample 
preblem calculated in text 


2. Assume an appropriate value of acoustic velocity for first 
trials or estimate it by means of the formula below, using values 
of P and V that are thought to be about right. After the final 
pressure is determined this can be checked by the formula, acous- 
tic velocity in ft per min = 60 V gn PV, where g is gravitational 
acceleration in ft per sec per sec; nm is the adiabatic exponent, 
which equals about 1.13 for saturated steam and 1.3 for super- 
heated steam; P is the final absolute pressure in lb per sq ft; 
and V is the specific volume in cu ft per lb at pressure P. Fig. 
4 shows approximate values of acoustic velocity for steam. 

3. With the approximate rate of flow, pipe size, and velocity 
known, the specific volume at the pipe end can be computed as, 

pipe area X acoustic velocity 
specific volume = —————____———_—_ 
flow in lb per sec X 60 


4. Determine enthalpy of steam at the pipe end as, 


acoustic velocity 


223.7 


mA 


enthalpy at turbine exhaust 
60 


5. From the enthalpy and specific volume determine the abso- 
lute pressure by use of the steam tables. 

6. With the pressure and specific volume available, check the 
acoustic velocity assumed in step 2 and if necessary redetermine 
the specific volume and pressure as in 3, 4, and 5. 

7. When a satisfactory estimate of specific volume and. pres- 
sure at the low pressure end has been obtained these values may 
be used in a suitable formula for pressure loss, computing pres- 
sure losses for short lengths of pipe and proceeding upstream 
toward the turbine. 
drop formula should be an average value for the particular sec- 
tion of pipe being computed and should be altered in successive 


The specific volume used in the pressure 


trials until the average of the specific volumes at the two ends 
of the section checks the value used in the formula, 


Sample Solution 


For the case under consideration the following data 
are available. 


Steam flow = 27,400 lb per hr = 7.61 lb per sec. 
Enthalpy at turbine exhaust = 1311.2 Btu per Ib. 
Condenser pressure = 1 in. Hg abs. 
Equivalent length of exhaust piping as follows: 

12 in. diam, equivalent length = 322 ft. 

14 in, diam, equivalent length = 360 ft. 

16 in. diam, equivalent length = 420 ft. 

18 in. diam, equivalent length = 480 ft. 















The problem is to determine the absolute pressure at 
the turbine exhaust flange for the different pipe sizes in 
order to select the most suitable diameter. 

The solution for the 12 in. size as outlined above is 


(1) Assume 12 in. pipe, 322 ft equivalent length. 
(2) Assume acoustic velocity = 108,000 ft per min at the 
condenser end. 
0.7854 & 108,000 
= 186 cu ft per Ib. 





(3) Specific volume = 
7.61 & 60 
(4) Enthalpy at pipe end 
108,000 
= 1311.2 — = 1246.5 Btu per lb. 
223.7 X 60 

(5) Pressure corresponding to 186 cu ft per lb and 1246.5 Btu 
per lb = 2.85 psi abs = fpr. 

(6) Check on acoustic velocity assumed in (2) 

Acoustic velocity = 60 V 32.2 X 1.3 X 2.85 X 144 X 186 = 
107,400 ft per min. 

This is considered a satisfactorily close check on the value of 
108,000 assumed in (2) especially in view of the fact that the 
adiabatic exponent is not exactly constant. 

(7) Since this is a rather large line carrying steam at high 
velocity, Fritzsche’s formula for pressure loss should be used. 
This formula is 





0.8 L F** & sp vol 





>= 
d 4,97 
where p is the pressure drop in lb per sq in. 
L is the equivalent length of pipe in ft. 
F is the steam flow in Ib per sec. 
d is the inside pipe diameter in inches. 
Assume the line to be divided into four lengths of 322/4 = 80.5 
ft each. 
0.8 X 80.5 X 7.61°" 


Then p = — xX sp vol 





12.00°" 
= 0.0119 sp vol 
The specific volume to be used is the average value in each 
section of the line. By the method of successive trials this is 
found to be 150 for the section of line nearest the condenser. 
Then p = 0.0119 & 150 1.79 psi 





po = fi + p = 2.85 + 1.79 = 4.64 psi 
Sp vol at ps = 114 
186 + 114 
Average sp vol = - — = 150 
2 


For the next section 
= 0.0119 K 102 = 1.21 psi 
ps = p2 + p = 4.64 + 1.21 = 5.85 psi 
Sp vol at ps = 90 
114 + 90 
Average sp vol = — — = 102 
9 





For the next section 
p = 0.0119 K 85 = 1.01 psi 
Ps = Ps + p = 5.85 + 1.01 = 6.86 psi 
Sp vol at ps = 77 
90 + 77 
Average sp vol = ——————- =_ 84 


» 
~ 





Pressure reducing station, 
Beacon Street heating plant 
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For the section nearest the turbine 
p = 0.0119 X 73 = 0.87 psi 
Ps = fu + p = 6.86 + 0.87 = 7.73 psi 
Sp vol at ps = 69 
77 + 69 
Average sp vol = ——————- = _ 73 
9 


The absolute pressure at the turbine exhaust flange there/ore js 
7.7% 


‘ 





7.73 psi abs and the vacuum will be 30 — = 14.3 in. Hg. 
0.491 

Notice too that the absolute pressure at the condenser end of the 

line is considerably higher than the pressure in the condenser jt- 

self. Similar solutions are completed for the other pipe sizes 

considered, and for this particular case gave the following results: 




















STEAM VELOCITY, FPM Vacuum, In. He 

Pipe | EQuivALENT Con- - | AT INSIDE 
S1zE LENGTH, TURBINE DENSER AT | Con- Con- 
IN. Fr END ENpD TURBINE| DENSER DENSER 
12 322 39,800 107,300 14.3 | 24.2 29 0 ; 
14 360 39,100 107,800 16.9 25 .2 29.0 
16 420 38,700 106,800 20.1 26.5 29.0 
18 480 38,700 | 106,900 22.3 27 .2 29.0 

















While the vacuum at the turbine improves as the pipe 
size increases it is interesting to note that the velocities 
at the two ends of the line remain substantially the same 
irrespective of size. The reason is, of course, that with 
lower absolute pressures in the larger lines the specific 
volumes are greater, with the result that the steam vel- 
ocity changes but little. 

As far as steam carrying capacity is concerned there 
is no reason why even smaller lines should not be studied 
for this installation. Other considerations are involved, 
however, such as the effect of increasing back pressure 
on the economy of the turbine, etc. In this case the 12 in. 
size was selected. 

While the phenomenon of acoustic velocity will not 
often be involved in piping design it is important that it 
be recognized and taken into account wherever it is en- 
countered. A knowledge of this phase of fluid flow may 
permit the use of smaller lines than would otherwise be 
selected in some cases, and in any event it will enable 
the designer to determine the limiting capacity of a 
given size of line where a large available pressure drop 
is to be utilized in causing flow. 






























1200 Tons Refrigeration Required for 


Air Conditioning Kansas City Auditorium 


By William L. Cassell* 


IKE the St. Louis municipal auditorium described 
in the May H. P. & A. C., the new air condi- 
tioned municipal auditorium in Kansas City, Mo., 
is a building of many and varied uses; in fact the 
auditorium proper oc- 
cupies less space than do 
the various committee 
roms, exhibition 
spaces, and _ theaters. 

The architects visual- 
ized a building that 
would house at one time 
as many different gath- 
erings as practical with- 
in the dimensions set 
up by the space and 
funds available. With 
this in mind a building 
was designed which is 
419 ft long, 331% ft 
wide, and 153 ft high 
from the exhibition floor 
line to the high point of 
the roof, having a cub- 
age of 16,000,000 cu ft 
and containing an audi- 
torium, complete thea- 
ter with two floors of 
dressing rooms, little 
theater, exhibition hall, 
three assembly rooms, 
and 27 committee 
rooms of various sizes. 

The auditorium is a room of 5,000,000 cu ft with 97 
ft ceiling, having an arena 227 ft long and 128 ft wide, 
seating 14,000 people without an overhanging balcony. 
It is air conditioned, equipped with mobile color lighting 
controlled by a tube type reactor control board which 
produces various lighting effects, concealed lighting 
units which give 70 foot-candles of light at the arena 
floor line, and many other features. 

The theater, designed in the modern style, is com- 
pletely air conditioned, equipped with mobile color light- 
ting controlled from preset tube type reactor control 
board. The theater seats 2,600 people. 

Exhibition space is provided below the main arena 
and consists of a main floor and balcony. The center 
portion of the exhibition space has a clear span of 86 ft 
with 25 ft clear ceilings. It has 90,000 sq ft of usable 
floor space, is air conditioned, and is equipped with 
modern concealed lighting, utility outlets conveniently 


ee 


"Mechanical Engineer, Kansas City, Mo. 





The author adjusts the water supply to one of the air washers for the 
main auditorium. Exhaust fan is at the left, supply fan at the rear 





located for various types of power, gas, steam, water, 
waste, and compressed air. 

The small theater will seat 900 people. 

is air conditioned and lighted with specially designed 

units. There are also 

two smaller 


This room 


assembly 
rooms each seating 225 
people, one larger as- 
sembly room seating 500 
and 27 meeting rooms 
seating from 25 to 250 
people each, all of which 
are ventilated. 

The refrigerating and 
water cooling equipment 
for the entire building is 
situated in two rooms, 
one on each side of the 
building near the center 
in the basement below 
the exhibition space. In 
each machinery room 
are two 300 ton “Freon” 
four cylinder, single act- 
ing compressors con- 
nected to shell and tube 
type water coolers and 
condensers. Each unit 
is driven by a 400 hp 
engine type, 225 rpm 
synchronous motor di- 
rect connected to com- 
pressor, making a total 
of 1200 tons available refrigeration capacity. Water for 
the condensers is taken directly from the city mains and 
discharged into the sewer, as the cost of installing, main- 
taining, and operating cooling towers, as compared to 
the cost of pumping city water, did not justify the installa- 
tion of a tower in this instance. 
equipped with 50 per cent automatic cylinder bypass and 
25 per cent hand-controlled cylinder bypass. 

One of the 400 hp compressors in each machinery 
room is equipped with automatic synchronizing units to 
synchronize the compressors at a definite predetermined 
mechanical angle.' Also, the current limitations on each 
motor in starting were kept below 300 amperes per 
second at not more than two second intervals, in order 
to eliminate flicker in the building lighting system. 

Water is pumped through the four water cooling 
units by four 750 gpm centrifugal pumps to air washers 


Each compressor is 


See “High Speed Synchronizing Motor Control Insures Minimum 
Lighting Disturbance,” by R. C. Allen, Heatinc, Piping ano Air Con- 
DITIONING, July, 1936, pp. 370-371 and 377. 
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situated adjacent to the various conditioned spaces. The 
water temperature required to hold the auditorium is 
40 F leaving temperature with maximum load. 

Within the building are 56 supply and exhaust fans 
handling 1,860,000 cfm of air, driven by a total of 560 
motor horsepower. Various smaller rooms have unit 
ventilators and unit heaters supplying outside air. All 
entrance lobbies and entrance corridors are heated by 
variable speed unit heaters, supplying air at the floor 
line through adjustable deflector grilles across the door 
openings. This method of heating large entrances has 
proved very satisfactory. Numerous rooms and outside 
ramps are heated with concealed cast iron direct radia- 
tion. 

Control of Temperatures and Air Circulation 


The entire building is equipped with a system of pneu- 
matic temperature control. Areas such as corridors, 
entrances, and toilets, where the temperature is not re- 
quired to be held at 70 F unless that particular portion 
of the building is in use are equipped with additional 
thermostats that will carry the rooms at any predeter- 
mined lower temperature desired by changing the con- 
trol switch in- the engineer’s room that controls the 
particular section of the building affected. 

It is possible to operate all ventilating equipment with- 
out leaving the engineer’s office, and at the same time 
to check the water supply and return temperatures to 
the various air washer units and the wet and dry bulb 
temperatures in the conditioned spaces. In the larger 
rooms several stations are installed so that temperatures 
can be checked over the entire room. All dampers not 
automatically controlled—such as on exhaust fans with- 
out recirculating connections—are controlled from the 
board in the engineer’s office. All outside air dampers, 
recirculating dampers, and exhaust dampers are sec- 
tionalized so that variable amounts of air may be supplied 
to the conditioned spaces depending upon the occupancy 
and outside temperatures. 

All fans supplying conditioned spaces are driven by 
four speed, slip ring, quiet operating, motors mounted on 
floating cork bases, and all have variable speed control 
switches and indicating lights in the engineer’s room. 
All fan motors have start and safety stop stations 
adjacent to the motor. 


Air Distribution in Auditorium 


Four supply and four exhaust fans situated in four 
fan rooms, one at each corner of the auditorium near 
the roof line, handle the auditorium. The recirculated 
air is taken from the discharge side of the exhaust fans ; 
the outside air is taken in quantities determined by the 
operator from the control board in the engineer’s room. 
The air is then passed through the heating coils and air 
washers and delivered to the main duct, which supplies 
air through ceiling outlet grilles evenly distributed over 
the entire auditorium with adjustable diffusers so that 
the direction of the air flow is controlled. The section 
ot the auditorium shown here indicates the method of 
introducing and removing the air. Each supply fan 
delivers 110,000 cfm and each exhaust fan handles 
40,000 cfm. 

The return air is taken from the arena through grilles 
at the oor line and from mushrooms evenly distributed 
throughout the entire auditorium. The damper arrange- 
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ment is such that all return air can be exhausted to the 
outside or recirculated. The return duct system is de- 
signed and equipped with dampers so that 60 per cent 
of the air can be returned from the arena floor, if this 
is desirable due to heat loads becoming concentrated be- 
cause of special displays or exhibits. 

All supply ducts and all return ducts outside of cooled 
spaces are lined with 1 in. board type insulation. All 
fans, washers, and housings are insulated with 2 in. of 
cork with canvas jacket. 


Smoke Exhaust 


At the highest point in the center portion of the audi- 
torium ceiling, smoke exhaust outlets are installed back 
of the lighting coves and connected to a system of ducts 
in the attic space, to which a 50,000 cfm four speed ex- 
haust fan is connected to exhaust the smoke to the 
outside. 


Exhausting Heat from Lighting 


The arena floor is lighted with 112, 1500 watt flood- 
light projectors mounted above the ceiling; the entire 
ceiling is lighted with a system of cove lights, the center 
portion of which is in four colors, the outer two coves 
being white light only. The connected load of the cove 
lights is over 200 kilowatts. The larger part of the heat 
generated by the cove lights and arena floodlights is 
taken directly out of the attic space over the arena by a 
system of supply and exhaust fans and duct work, ex- 
hausting and supplying air evenly throughout the entire 
attic space over the arena, preventing the heat from being 
picked up by the conditioned air. 


Air Washers and Control 


The four auditorium air washers are of the double 
bank spray type with complete set of eliminators in 
front of each bank of sprays. Each washer is designed 
to handle a maximum of 750 gpm of water with 376 
nozzles at 50 ft head. 

The air is controlled during the cooling season by 
dampers, which either bypass the washer or pass the 
air through the washer. The dampers in each system 
are controlled by a two-bulb, remote adjusting type 
thermostat with one bulb located in the return duct sys- 
tem and one bulb in the outside air intake. The thermo- 
stat compensates for the outside temperature and will 
hold a lower temperature on a 100 F day than on an 80 F 
day, the variation depending upon the setting of the 
instrument. 

During the winter months, the air temperature is 
controlled by diaphragm valves connected to the cast 
iron tempering and reheating coils from duct thermo- 
stats in the outside air duct, in the housing behind the 
reheating coils and in the return duct system. Humidity 
during the winter is controlled from humidistats in the 
return duct of each system, operating the water pumps 
supplying water to the washers. Washers are designed 
so that only one bank of sprays operates during the 
heating season, and at a lower pressure. 

There is no direct radiation inside the auditorium 
proper. Unit heaters are installed over the ceiling 
to take care of the only exposure heat losses, as all side 
walls of the auditorium are surrounded by corridors or 
committee rooms that are heated. 

All ducts were fabricated in the shop, including the 
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installation of the insulation, except the large ducts, 
where due to labor conditions, the insulation was bolted 
to ducts after erection on the job. Air filters were not 
installed in the auditorium units ; however, space is pro- 
vided so that filters may be installed in the future if 
desired. 

The system has been in operation for several months, 
and on recent tests the temperature was held within 1 F 





Kansas City’s municipal auditorium, which has 1200 tons 
of refrigeration capacity available for air conditioning 


variation throughout the auditorium from floor to ceil- 
ing and from empty auditorium to a capacity house. The 
humidity was kept well within established limits. 


Exhibition Space, Theater and Other Rooms 


Two 110,000 cfm supply fans and two 90,000 cfm ex- 
haust fans handle the exhibition spaces. All air is 
supplied through specially designed ceiling splash plates 
and exhausted through grilles at the floor and ceiling. 
The air supply and return trunk ducts are installed in 
tunnels under the floor of the building with branches in 
furred columns leading to the various ceiling outlets. 
In these tunnels are installed the heating and plumbing 
pipes that supply the building. 

The ceiling outlets in the exhibition spaces are made 
of spun aluminum and located so as to clear the flush 
lighting units and pendant sprinkler heads symmetrically 
placed in the ceiling construction. 

The types of fans, control, heating coils, etc., are 
similar to those for the auditorium. Smoke exhaust 
ducts were not installed in this room, but provision was 
made so that 50 per cent of the exhaust air can be taken 
from near the ceiling line. 

One 95,000 cfm supply fan and one 80,000 cfm ex- 
haust fan handle the theater proper. The air is supplied 
through diffuser nozzles placed in the ceiling behind 
the light coves, both on the main ceiling and under each 
balcony. The air is exhausted through mushrooms on 
the main floor and on each balcony floor, well dis- 
tributed over the entire seating area. 

Concealed type copper radiation is installed on all out- 
side walls to take care of wall heat losses and to cut 
down-draft on cold walls. 

The general method of control and type of equipment 
used is similar to that described for the auditorium. 

The small theater is air conditioned. The large com- 


mittee rooms, assembly rooms, and stage dressing rooms 
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are ventilated with supply and exhaust ventilation he 
smaller committee rooms are equipped with exhaust y¢n- 


tilation and concealed copper radiation for heating. \]] 
toilets, locker, shower, storage, and inside rooms and 
corridors are equipped with exhaust ventilation ¢oyp- 
nected to a separate exhaust fan system. 


Piping Services and Heating System 


Heating, cooling, and cold water piping throughout 
is genuine wrought iron; all service hot water piping is 
brass, 85 per cent copper, with screwed cast brass fit- 
tings. The insulation on all steam and air washe: pipe 
lines is 1% in. thick fiberglass insulation. All duct work 
is open hearth galvanized sheet steel. 

Steam is taken from street main at low pressure and 
distributed throughout the building through a two-pipe 
vacuum up-feed heating system. The automatic electric 
driven vacuum pumps in the machinery rooms in the 
basement take care of the condensation. The combined 
capacity of the vacuum pumps is 250,000 sq ft of equiv- 





Control board in the engineer’s room. From left to right are 
seen the exit light and work light control throughout the 
building, fan control panel, remote temperature and humidity 
indicating panel, and the damper and temperature controls 


alent direct radiation. Separate systems of supply and 
return piping are installed for blast coils and direct 
radiation. 

The lighting and power supply for the building is 
taken from 13,000 volt primary service and reduced in 
two substations within the building to four wire 199-115 
volt, three phase. All power located in the machine 
rooms, which includes the compressor motors, pump 
motors, and exhibition hall ventilating fans, is taken off 
ahead of the regulators. All other power and lighting 
current is regulated and distributed from a four pole 
copper bus encased in aluminum housing. The bus 
encircles the building and connects the two substations. 
The bus varies in size from 2000 amperes to 4000 am 
peres depending upon the load carried. 

The municipal auditorium was built at a cost 
$5,000,000 from a $40,000,000 bond issue voted in 1931 
by the people of Kansas City. Cost of the air condition- 
ing and heating system was about $460,000. This 


of 


work was carried on under the direction of H. F. mes 
Elroy, city manager, Mayor Bryce B. Smith, anc 
Matthew S. Murray, director of public works. the 
architects of the building were Gentry, Voskamp « 
Neville, and Hoit, Price & Barnes. Structural enginect 


was Erwin Pfuhl and the author was the mec! 
engineer. 





Pressure Losses in Rectangular Elbows 


[Part 3] 


By R. D. Madison* and J. R. Parker? 
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W/R = PIPE WIDTH + INSIDE RADIUS 


Fig. 11—Chart for determining the location of elbow splitters 


O far, we have considered effect of the radius ratio, 
aspect ratio, degrees turn of the elbow, elbow size, 
and velocity. 


Effect of Splitters on Pressure Loss 


The use of splitters in elbows to reduce the total pres- 
sure loss is becoming more and more common, but there 
is very little engineering information upon the subject 
at the present time. Having shown (from curve 4, 
Fig. 7) that there is very little change in the loss for the 
usual aspect ratios above unity, the principal benefit to 
be derived from the use of splitters is through an in- 
crease of the radius ratio. It would seem to be desirable 
to place the splitters in such a position as to obtain equal 
radius ratios for the smaller elbows formed by the split- 
ters. This will not only simplify the calculation of loss 
but will also make for greater economy of material. 

The necessary calculations for locating splitters to ob- 
tain equal radius ratios can be made with the aid of a 
chart such as is shown in Fig. 11, which is reproduced 
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from “Fan Engineering.”® The chart is laid out for 
calculating the position when one, two, or three splitters 
are used. No. 1 of 3, No. 2 of 3, etc., refer to the re- 
spective splitters starting from inside. To use the chart 
in Fig. 11, divide the pipe width (difference of radii) 
by the inside radius. Locate this value as an abscissa on 
the chart, move upward to the desired splitter line (de- 
pending on the number used) and then to the left of the 
chart where the ratios of the splitter radii to the inside 
radius may be found. These values, each multiplied by 
the inside radius of the original elbow will give the radii 
upon which to construct the splitters. Incidentally, it 
will be observed that the reciprocal of the first or lowest 
value is the curve ratio of the revised elbow. 

The use of curve ratio offers another method of pro- 
cedure and simplifies the splitter loss calculation. This 
may be shown by the following: 


Let ra = inside radius of an elbow, nr: radius of first (inside) 
splitter, re radius of second splitter, re = radius of «th (last) 
splitter, ro = outside radius of elbow, and + = number of splitters. 
Now CR curve ratio of plain elbow = fra/ro. Let CR’ = 
curve ratio of each component elbow formed by splitters. Then 


CR’ = re/n = 1/2 = Yo/Ts 


re/To 


Carrier and R. D. Madison, Buffalo 


by W. H. 
Y., 1933. 


“Fan Engineering,” 
Forge Co., Buffalo, N. 





The authors present data on pressure losses in rec- 
tangular elbows as affected by (a) the curve ratios 
of the elbows, (6) the aspect ratios of the elbows, 
(c) angle of the bend, (d) the elbow size, (e) ve- 
locity of flow, (f) splitters in the elbows, and (g) 
compound elbows. In general, data are given (1) for 
the elbow situated in a duct system with ducts pre- 
ceding and following the elbow, and (2) the elbow at 
the end of a duct and discharging freely into the air 
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but 
(CR’)*** = raf/ri X tilts XK re/ts.... K ts/ty = fe/ry = CR 
CR’ = *** VCR 

Therefore, it may be seen that the new curve ratio ef- 
fected by the addition of a single splitter = VCK; the 
curve ratio due to two splitters = WCR; etc. Dividing 
the inside radius of an elbow with splitters by the curve 
ratio of the elbow gives the actual radius of the first 
or inside splitter. Dividing the radius of the first splitter 
by the curve ratio gives the radius of the second splitter, 
etc. The curve ratio determined in this manner can 
be used in conjunction with Fig. 9 for determining the 
expected pressure loss in elbows fitted with splitters. 
Note that for each of the individual elbows formed by 
the splitters the curve ratio found by this method is the 
same as that found by the method employing Fig. 11. 

The following example is given to illustrate the 
method of computing the pressure loss in a 28 in. X 38 
in. elbow, with a radius ratio of 1 (curve ratio of 0.33) 
an aspect ratio. of 1.36 and having one splitter. The 
elbow is considered to be preceded and followed by ducts. 
Since the inside radius of this elbow is 14 in. locate the 
point 28/14 = 2 as an abscissa of Fig. 11. Follow this 
abscissa to the line marked “No. 1 of 1” and read at the 
left the value of r/R = 1.72. Since R/r is the curve 
ratio for the revised elbow the reciprocal of 1.72, which 
is 0.58, will be the new curve ratio. The corresponding 
pressure loss for a curve ratio of 0.58 in a 12 in. elbow 
(the largest shown in Fig. 9) is 11.5 per cent of the 
This is the same loss that was actually 
The actual loss on 


velocity head. 
obtained by test on this size elbow. 
the original elbow (with- 
out splitter) was 22.3 per 
cent of the velocity head 
compared with a value of 
21.5 as read from the 


L 

° se 2 
curve in Fig. 9. 9 
The pressure loss can v 

: ! 

be found directly from - 


the curve ratio and Fig. 
9. Asan illustration of this 
procedure take a 123¢ in. 
x123@ in. elbow with a 5 
in. throat radius and one 
splitter. The curve ratio 
of the original elbow is 


nN 
° 
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Fig. 12 — Pressure losses in 
90 deg elbows discharg- ° 
ing directly into the air 
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5/(1734)= 0.288 and from Fig. 9 the original {oss 


should be 0.25 velocity head. An actual test on such) an 


elbow gave a pressure loss of 0.26 velocity head. | sing 
the previously given equation for determining the curve 
ratio of an elbow with one splitter, the curve ratio js 


\/0.288 = 0.536. The loss corresponding to this value 
as read from Fig. 9 is 0.12 velocity head. An actual test 
on such an elbow gave a pressure loss of 0.10 velocity 
head. 

These illustrations indicate that a single splitter in an 
elbow will materially reduce the pressure loss if the 
value of the curve ratio is sufficiently small. With a 
curve ratio greater than 0.5 (1% RR) there is little or 
nothing at all to be gained by the use of splitters. As 
an example of this, a 6 in. X 6 in. elbow with 0.5 curve 
ratio was tested, first, with a single splitter and then, 
with three splitters. From the curve Fig. 9 there would 
be an expected loss of about 13.5 per cent of the velocity 
head for the elbow without splitters and about the saine 
value, 13.5 per cent of the velocity head, with one split- 
ter. The actual test with one splitter showed a loss of 
12.4 per cent of the velocity head. In the case of three 
splitters the new curve ratio = f 0.50 = 0.84 which 
indicates a loss of 22 per cent for a 6 in. elbow. The 
actual test showed a 17 per cent loss indicating an up- 
ward sweep in the loss curve at this point. Where sev- 
eral splitters are used the increase in aspect ratio becomes 
a more important factor. In the previously given case 
this would reduce the loss to about 70 or 80 per cent 
of the loss in a corresponding elbow with an aspect ratio 
of unity. In view of this fact the test value of 17 per 
cent is more rational (0.75 « 22 = 16.5). Where one 
or more splitters are placed in an elbow having an as- 
pect ratio much less than unity, the curves of Figs. 6 or 
7 should be applied. Thus, the component elbows formed 
by the addition of splitters will have lowered aspect 
ratios and the corresponding loss factors may be appre- 
ciably less than that of the original elbow. As the bene- 
fit of lowered aspect ratio factors will not be the same 
for the component elbows the average value may be 
used. This benefit is in addition to that due to increased 
curve ratio. Actually there is still another factor. This 
factor is the size of the elbow, and it will modify test 
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results but in general it will be simpler to omit this fac- 
tor, except for very large size variations. 


Effect of Elbows at the End of Ducts 


Although elbows are used in duct systems generally 
for changing the direction of flow, they are frequently 
used as outlet openings with no ducts attached. Since 
the pressure loss in elbows used for this latter purpose is 
materially higher than when the elbows are used in a 
duct system, information should be available on the pres- 
sure losses when the elbows discharge directly into the 
atmosphere. Tests were run on such elbows with a 36 
sq in. cross-sectional area and the results plotted in Fig. 
12. Attention should be called to the fact that these 
elbows had 1 in. extensions on each end for connecting 
them to ducts and so there is a slight modification from 
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Fig. 13—Test results on 3 in. x 12 in. compound elbows 


a true 90 deg turn. This modification varies with the 
radius ratio and probably with the aspect ratio. When 
a6 in. X 6 in. elbow with 0.5 RR had the 1 in. extension 
on the discharge side removed, the pressure loss fell from 
195 per cent to 172 per cent. This was due to reduc- 
ing the effective angle of turn in the air flow although a 
complete 90 deg metal elbow remained. On the same 
size elbow but with a radius ratio of 1% no appreciable 
difference in loss resulted when the elbow was reduced 
to a standard 90 deg turn. 

Comparing the results of Figs. 12 and 5 it will be 
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Fig. 14—Test results on 12% in. x 12% in. compound elbows 


observed that for common elbows having radius ratios 
between 1 and 2 and aspect ratios between 1% and 2, the 
elbow discharging directly into the air has a loss from 
214 to 3 times the same elbow when followed by a duct. 
The effect of using splitters is to lessen the regain value 
of the following duct and to lessen the difference in loss 
when the elbow is tested in the two different manners. 


Effect of Compound Elbows on Pressure Loss 


The use of two elbows adjacent to one another often 
becomes necessary in duct work, and while the losses 
may be figured separately for each of the component 
parts of the compound elbow, the combined loss as de- 
termined from tests may be considerably different from 
those obtained by calculation. Several of the simpler 
combinations were tested by the authors with the re- 
sults as shown in Figs. 13 and 14. 

In these figures the column labeled “estimated sum” 
is the sum of the test losses in the separate elbows, as- 
suming that in each case the first elbow in the line of 
flow is always followed by a duct. In case the second 
elbow discharges directly into the air, the assumed value 
for the loss in the second elbow is from tests in which 
no discharge duct was used. In case the second elbow 











1. Curve ratio (or likewise radius ratio,) is the pre- 
dominating influence on pressure loss in elbows. The 
loss is high and critical for low curve ratios and low and 
stable for high curve ratios. Little or no advantage is 
gained by using curve ratios greater than 0.6 (radius 
ratio of 2). 

2. The effect of aspect ratios greater than unity is 
small and may be neglected for ordinary work. For 
low aspect ratios the loss is more pronounced and aspect 
ratios less than % warrant the use of a splitter in the 
elbow. 

3. The amount of the loss is not exactly proportional 
to the angle of the bend, but becomes somewhat less in 
proportion as the angle increases. 

4. The size of the elbow has relatively little effect upon 
pressure loss in elbows in common use. In elbows with 
large curve ratios the pressure losses approach the val- 
ues for straight ducts. 

5. Velocity has very little effect on elbow losses when 
given in per cent of velocity pressure, the losses being 
comparable to those due to friction in a straight duct. 
Where the curve ratio of the elbow is very small, ap- 
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proaching sharp corner conditions, the loss will vary 
nearly as the square of the velocity. 

6. If the air flow is not uniform in a duct just pre- 
ceding an elbow, the loss will be somewhat higher than 
normal if the high velocity is along the inside of the 
elbow and will be somewhat lower than normal if the 
high velocity is along the outside of the elbow. 

7. The flow conditions along the inside of the elbow 
are more critical than elsewhere, and if the elbow and 
duct do not align properly, a disturbance at the inner 
side is more detrimental than elsewhere. 

8. Where elbows of small curve ratios must be used, 
a splitter is a very effective means of lessening the pres- 
sure loss. For elbows with curve ratios of 0.2 to 0.3 
the use of a single splitter will reduce the loss to about 
one-half the normal value. 

9. Elbows discharging directly into the atmosphere 
may have high losses which can be effectively reduced 
by splitters or by attaching a short section of straight 
duct to the discharge end of the elbow. 

10. Compound elbows may have losses considerably 
different from those estimated from tests of the individ- 
ual elbows used to make up the compound elbow. 








is followed by a duct the corresponding test value is used. 
This method is the most logical one for combining the 
losses in compound elbows. 

The column labeled “per cent of estimate” is the ratio 
of the loss obtained by testing the compound elbow to 
the estimated loss as just outlined and serves as a means 
of showing the extent of the error in this method of de- 
termining the combined losses in compound elbows. 

Any constraining shape of like dimensions following 
an elbow tends to lower the loss below that of an elbow 
discharging freely into the air. Thus a second elbow 
helps to lower the loss of the first as compared with a 
free discharge of the first. The influence of the first 
elbow may help or hinder that of the second elbow de- 
pending on the conditions of flow produced at the dis- 
charge of the first. Note that in Fig. 13, the elbow loss 
for Case 3 does not differ greatly from the loss for Case 
4 when the elbows are inserted in a duct, being 115 and 
103 per cent, respectively ; but that the losses are vastly 
different when the second elbow discharges directly into 
the air, the losses in this latter instance for Cases 3 and 
4 being 245 and 162 per cent, respectively. It is inter- 
esting to note that in the case of elbows forming a side 
turn and having an aspect ratio near unity, as in Case 3 
of Fig. 14, the combined loss of 65.5 per cent is lower 
than that of each tested alone (73.5 per cent) when not 
followed by ducts. Such a condition was noted during 
tests on a large compound elbow (28 in. X 38 in.) with 
aspect ratios of 0.74 and 1.36, in which the second elbow 
made a side turn and discharged directly into the air. 
In this case, despite the arrangement, the combined loss 
was between 8 and 10 per cent lower than the loss due 
to either elbow tested separately and not followed by 
ducts. 

The values in Columns 4, 5, and 6 of Fig. 14 are given 
to show the influence of one diameter of duct placed be- 
tween the elbows. Note that in Cases 1 and 4 the duct 
catised a decrease in the pressure loss while in the re- 





maining cases it increased the pressure loss, thus hin- 
dering the flow. 

The benefit of splitters in elbows and especially those 
discharging freely into the air is evidenced from a study 
of Columns 7, 8, and 9 of Fig. 14, wherein it is seen that 
the splitters materially reduce the pressure loss. 


Definition of Terms 


For convenience, definitions of terms used are re- 
peated here; for complete definitions, see page 365, 
July issue. 

For the purpose of this paper, all elbows of the same 
size are referred to as having the same cross-sectional 
area. The velocity V through the elbow or duct is the 
average velocity, 7.¢e., the quantity of flow divided by 
cross-sectional area. 

The radius ratio is designated as RR and defined as 
the radius of the center line of the elbow divided by the 
depth in the plane of the bend, i.e., divided by the dif- 
ference between the outside and inside radii. A new 
term is used in addition to radius ratio, the curve ratio, 
designated as CR and defined as the inside radius of 
curvature divided by the outside radius of curvature. 

The aspect ratio AR is the width of elbow along the 
axis of bend divided by the depth in the plane of the 
bend. High aspect ratios characterize “easy” bends and 
low aspect ratios characterize “hard” bends. 

The term “duct friction” is referred to as the normal 
friction of straight ducts or that portion of an elbow 
loss which corresponds to duct friction. 
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EAD burning, so-called, is the welding of lead with 

a gas torch. The edges of the lead are fused and 

flowed together, using no solder but pure lead 
only to fill and reinforce the joint when filler is required. 
The term “lead burning,” therefore, is a misnomer as the 
metal is not “burned,” but is fusion welded as other 
metals are welded with the torch. The methods, however, 
are quite different from those used on other metal weld- 
ing. 

The process is employed in applying the lead linings of 
acid and other tanks used in chemical plants, fertilizer 
factories, rubber reclaiming works, electroplating shops, 
artificial silk or rayon factories, nitroglycerine huts, and 
industrial plants employing corrosive liquids. Lead 
welded joints are displacing the plumber’s wiped joints 
for lead pipe connections in chemical and other plants. 

Tank linings for acids should be made of “chemical” 
lead, that is, sheet lead free from impurities. Ordinary 
sheet lead used for gutters and other purposes is likely 
to be of inferior quality. Antimonial lead, while stronger 
than chemical lead, has not as good corrosion resistance. 

Chemical lead is denser and heavier than antimonial 
lead, and has higher acid corrosion resistance, but for 
situations requiring strength and freedom from ‘“‘crawl- 
ing,” 6 to 10 per cent antimonial lead is used. The 
weight of 6 per cent antimonial lead is 5 per cent less 
than chemical lead for equal volumes, while 10 per cent 
antimonial lead is 8 per cent lighter. 


Chemical Lead: Melting point.................+.. 621 F 
i ST Sis cc nxceeee sien ein hehes. saa he 11.38 
eS SPP re ce ae ey 710 Ib 
EE eee Te ee errr react Peer 0.4105 Ib 
On OP 6 Oe cakesacheps aesenan 1900 Ib 
Oe ee Ee en ee ere 700 Ib 

Antimonial Lead, 6 per cent: Melting point....... 487 F 
ES, «aca 5 bine cmc Ree ani ona 10.81 
CTE, «on sche) wv aeubanewns Geeeeute 675 Ib 
ES Ey En ee ee eee aie re 0.3906 Ib 
Tensile strength per sq in......................3625 Ib 
rn Ce MO OM GR, 6ncc coptndneesehoctespet 3000 Ib 


“Crawl proof” lead is chemical lead strengthened by 
antimonial lead bars running the length of the sheet and 
protected by the chemical lead. Tellurium lead is an 
alloy lead containing about 0.1 per cent tellurium to 
increase acid-corrosion resistance and tensile strength. 


Cleaning, Preparation and Forms of Joints 


Considerable skill is required of a lead welder to unite 
lead sheets rapidly and uniformly. The beginner is likely 
to overheat and “burn” holes in the joint, to say nothing 
of his difficulties in making welds rapidly that measure 
up to the standards of lead joint work. Success depends 
on good tools, thorough preparation, clean surfaces, suit- 
able gases and apparatus, pure lead and proper working 
conditions, as well as the skill of the operator. 

Two forms of joints are used with sheet lead—the 
butt and simple lap seam. Both are employed in tank 
lining and also in lead pipe jointing. In preparing a 
butt joint between the heavier weights of sheet lead 
when filler is used, the edges should be trimmed straight 
and beveled to an angle of 75 to 80 deg, making a vee 
of about 30 deg included angle when the two sheets 
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Welding 
Lead Sheets 
and Pipe 


By F. E. Rogers* 


Lead burning, or the welding of lead with a gas 
torch, is employed in applying linings to acid and 
other tanks used in plant processes, and in the join- 
ing of lead piping for process services. ... The author 
describes in some detail the elements of success in 
this work, and includes many practical suggestions 


are butted. The sides of the sheets are scraped clean 
of oxide, about % in. from the edge, using a sharp 
shave-hook. The edges are tacked, placing the tacks 
about 1 ft apart, and the groove between is filled with 
molten lead fused from a welding rod or burning bar. 
The seam is usually reinforced with lead which is so 
applied that it flows and forms peculiar patterns, the 
shapes varying with the spacing and amount deposited 
from the filler bar at the successive points of applica- 
tion. 

Butt joints are not much used in tank linings, how- 
ever, except with very heavy lead, so thick in fact that 
it is rarely employed. When making butt welds, all 
thicknesses up to, say, 12 lb to the sq ft (3/16 in. thick) 
are butted with square edges, and generally are welded 
with filler rod. The edges of sheet lead heavier than 12 
lb are beveled as previously stated to form a vee groove. 


How the Joints Are Made and Welded 


When welding a butt joint with filler, the flame en- 
velope or streamer is played on the edges of the sheets 
until the metal is softened but is still too stiff to flow 
freely. Lead is added from the filler rod by fusing from 
the end, also with the flame envelope, giving the torch 
and filler rod a peculiar periodic up-and-down move- 
ment which deposits the required amount of molten ma- 
terial on each spot. The deposited molten lead flows 
and hardens in a pattern depending on the thickness of 
the lead, weight of the filler rod and amount of lead 
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Top to bottom—Scraping a joint to 
prepare it for welding; all oxide must 
be removed before welding lead... . 
Making reinforced ripple butt weld, 
level seam, in 16 lb sheet lead.... Butt 
welding 4 in. lead pipe weighing 16 lb 
per lineal foot. . . . Making a vertical 
lap weld, using no filler rod, 6 lb sheet 


deposited at each movement. The next applic 
tion of lead from the filler rod, if accurate, 
spaced, flows into and slightly overlaps that 
previously laid on. The lead welder progresses 
in this manner, depositing globs of molten lead 
evenly spaced along the length of the joint. 

Lap seams are mostly used in tank linings, 
especially in the vertical joints when a smooth 
surface is not required. In making a lap seam, 
the top sheet should lap the under sheet about 
lto1™% in. All dirt and oxide must be removed 
carefully from the joint with the hook scraper 
or shave-hook. 

When making a lap weld, especially in a ver- 
tical joint, the torch flame is directed close to 
the edge. No filler is used. The manipulation 
of the torch is quite different from that employed 
when making flat seams of either the butt or lap 
type. Not much lead can be fused at a time be 
cause of the probability of dropping. The over 
lapping edge is “carved” with the flame, and the 
molten lead slips down and chills on that which 
was fused at the previous flame application. The 
welder sometimes uses a tool—a shave-hook for 
example—to hold the sheets closely together, 
and sometimes to help chill the fused metal 
should it tend to slip down too far or to drop. 

The fusion process on vertical seams, the same 
as on flat seams when filler is employed, is a 
succession of in-and-out torch movements and 
progressive movement along the seam with each 
application of the flame, but the flame is also 
moved sideways about 4 in., thus “carving”’ out 
a section of the edge which fuses and flows 
down and rests against the previous deposit. 





Torches and Gases 


The heat required for lead welding is low in 
comparison with that used in welding cast iron 
and steel, being only about 620 F, as compared 
with 2000 to 2700 F. Hence, if a high tempera- 
ture gas is employed, it means a smaller tip than 
when using hydrogen. Small light torches are 
used that can be easily handled. Old-time lead 
burners were trained to use hydrogen (gener 
ated with acid and zinc) and compressed air, but 
the introduction of oxy-gas welding equipment 
and compressed oxygen, hydrogen and acetylene 
practice to considerable degree. However, ve! 
simple and cheap torches are employed as a ! 
with hydrogen, consisting of little more tha: 
light tube bent to a gooseneck and fitted wv 
separable tips. The mixed gases are supp! 
by means of a light rubber tube connected | 
benchblock which carries the adjusting ne 
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valves. This arrangement enables the operator to 
adjust the valves to the flame he desires, and then he 
can go ahead with his work without danger that the 
flame may be changed by accidentally touching the valves 
as might happen if the valves were on the torch. With 
the primitive torch just described, in the case of a flash- 
back all that happens is the rubber tube is blown off the 
bench-block as it is not wired to the gland. 

The lead welder necessarily becomes expert in work- 
ing lead within narrow temperature limits. He must 
heat the metal at the joint to the near fusing point but 
not so much that it becomes too fluid and drops away. 
He must scrupulously clean the joints and avoid touch- 
ing them with the hands or anything unclean, as the 
slightest trace of oil or grease will give trouble. 

The first operation to be learned is to choose the tip 
size and regulate the flame. The volume of heat neces- 
sary will depend upon the thickness of lead being burned 
and to some extent on the surrounding conditions and 
the backing. 


Weight of Lead and Sizes of Burning Bars 


Lead sheets, 2, 4, 6, 8, 10, 12, 16, 20, 24, 30, 40 and 
even 60 Ib to the sq ft are commonly used in chemical 
plants. Thus, twelve thicknesses of lead, ranging from 
2 to 60 Ib to the sq ft, the latter being thirty times as thick 
as the former, are presented for welding. Hence, it is 
quite apparent that the lead welder must be able to regu- 
late and adjust his flame to a wide variation in the thick- 
ness and weight of lead. 

The cross-section of the lead filler or burning bar de- 
pends on the thickness or weight of lead to be welded; 
14 in. wire size is recommended for 2 and 4 Ib lead; 
5/16 in. size for 6 and 8 lb lead; and 3% in. and /% in., 
depending on the type of seams, for 10, 12, 16 and 20 
lb lead. The importance of using lead welding rods of 
the correct size for each weight of lead can hardly be 
over-emphasized. If the bar is too light, the time re- 
quired to fuse the lead needed for each deposit permits 
oxidation to take place due to the fact that the metal 
is light and is likely to be overheated. If a heavy bar 
is used with a small flame, the metal does not melt suf- 
ficiently to carry on the seam and the seam chills during 
the lost time period while the flame is melting the lead. 
Fusing the filler is done over the sheet of course, and 
the time interval between fusing the burning bar and 
depositing it on the sheet must be carefully gauged. If 
the bar is too heavy or too light, the proper sequence of 
heating the sheet, fusing the lead, depositing it on the 
seam and so on, cannot be maintained as to time interval. 
This means lost time, irregular work, low speed and 
oxidation, edges of seams not welded, pits, cold-shuts 
and other defects. 

A well-regulated flame of size in proportion to the 
weight of lead and the proper size of burning bar are 
important also on pipe work, the same as on sheet lead. 

Great care must be taken in properly scraping all 
dirt and oxide from the surface with the shave-hook 
before burning. Avoid rubbing the hands over the work 
alter scraping. Always use a dust brush or counter 
brush to remove the scrapings or raspings produced in 
Preparing a joint. After the lead is scraped clean at 


the joint, brush the shavings away from the seams and 
irom beneath. 


Dress the lead down tight to the tank 
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with a wooden mallet, tack the edges together with the 
torch at, say, every foot, but always keep the lead dressed 
down flat to the tank surface. This saves time in weld- 
ing and prevents molten lead getting beneath the sheet. 


Lining Tanks 


Should the welder be relining an old box or tank 
where the wood has been saturated with the contained 
liquors, a strip of sheet asbestos about 3 in. wide should 
be used under the seams. The bottom of the tank 
should be wiped dry and made as free from moisture as 
possible. The asbestos insures againt the acid or liquor 
soaked into the wood from bubbling up through the seams 
when the burning is being done. Watch carefully back 
of the flame to see that bubbles do not break through. 
Gas will often do this between the tank and lining, and, 
of course, if this happens a defective spot is made which 
must be made tight. 


















































Top to bottom—Lead sheets, edges scraped for butt weld. .. . 
Butt reinforced weld in 4 lb sheet lead, ripple space 7/16 in. 
. . » Split lead joint in 2 in. inside diameter extra strong lead 
pipe; bottom welded from inside of pipe; lighter lines show 
split welds, . . . Beveled 30 Ib lead sheets ready for welding 





Again, where iron tanks are lead-lined, care must be 
taken that gases are not formed between the tank and 
lining. But as this work is in a class by itself the mat- 
ter will not be further treated here except to say that 
gas formed back of linings is one of the major troubles 
against which the lead welder must guard. 

Upright or vertical seams must be scraped, as follows: 
Lap the lead 1 in. to 1% in., scrape the lower or back 
sheet before the lead is dressed down. Do not fail to 
scrape the under side as well as the outside. This is 
why some lead welders have so much trouble in upright 
or overhead welding. Everything depends in this class 
of work on properly prepared joints and proper regula- 
tion of flame. Remember also that a drop of metal lost on 
overhead work must be replaced with one from the weld- 
ing rod or burning bar, otherwise the seam will look 
bad, and it will be hard to start back at the edge of the 
sheet. Overhead welding requires practice and care to 
prevent the flame from distributing heat except where 
the burning is actually being done. 


Lead Pipe Welding 


Lead welding is used for ali kinds of piping joints 
in chemical plants. Flanges are used only where lines 
are to be broken from time to time, due to various 
causes, such as clogging with sediment or being eaten 
up by acid or where quick repairs must be made. 

Wash-out opening are placed in certain lead pipe lines 
so that they may be cleaned quickly. When such a line 
is a vital part of the operation, all joints should be care- 
fully welded so that the joints will withstand more cor- 
rosion than the pipe itself, or, in other words, the weld- 
ing should not pit the wall of the pipe or take any lead 
from the wall thickness. In making such pipe joints, 
always add from the welding rod or burning bar to build 
up the seam or joint. 

The following lead pipe joints are recognized and used 


One of two air conditioned, light weight 
stainless steel trailers being built by Ed- 
ward G. Budd Mfg. Co. for the Nairn 
Transport Co. for the 530 mile, 15 hour 
run over the Syrian desert between Bagh- 
dad and Damascus. They will be drawn 
by 150 hp diesel tractor units. One is a 
day coach and the other is for sleeper use 
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Lead Pipe Sizes Used in Chemical Plants 
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in lead pipe work: Roll, cup, butt, split, flange, burned- 
in, flange using cast iron or brass flanges, and lap. 

Welding Lead Butt Joints When the Under Side is 
Inaccessible—Often the maze of lead pipes in a plant 
includes some so laid that the underside is inaccessible 
for welding. When it becomes necessary to replace a 
section and weld it in with butt joints heavy expense 
would be incurred for removing and replacing the under- 
neath obstruction, or cutting several side connections 
and rewelding. 


In such cases the pipe ends are split back at the top 
two or three inches. Cross cuts are made at the ends 
of the splits about halfway through, or down to the 
middle of the pipe, as shown in one of the sketches. The 
split parts of the pipe are bent outward, thus exposing 
the inside and permitting the underside of the butt weld 
to be made by working on the inside of the pipe. When 
the weld is made halfway around the cut parts are bent 
back into place and the cross cuts, splits and butt welds 
are made, thus closing the pipe and completing the job. 

If the ends of the pipe are beveled, the lower halves 
are beveled inwardly, and the upper halves as usual. 





















At Cleveland’s Great Lakes Ex- 
position. In the Hall of Prog- 
ress, the building at the left, 
the Cleveland Electrical League's 
exhibit portrays by means of 
miniature rooms the importance 
of temperature, humidity, circu- 
lation, and air cleaning. For 
instance, air from the streets is 
blown into one miniature room, 
is seen to collect on little tables, 
chairs and other furniture. A 
second room, the air to which 
is filtered, provides the contrast 











Air Conditioning Makes Severe Demands 


on Water Supply and Disposal Systems 


NCREASED demands on water supply and disposal 
facilities because of condensing water requirements 
of the fast growing number of air conditioning in- 

stallations have caused serious consideration to be given 
to the solution of the problem in several cities, and are 
expected to lead to the wider use of water conserving 
equipment, such as cooling towers and evaporative con- 
densers, and to other methods of cutting the require- 
ments on city mains and disposal systems. The problem 
divides into two phases, first, where the limitations in 
the water supply must be considered, and second. where, 
the disposal of the water after its use in the air condi- 
tioning plant is involved. Of course, many water officials 
look forward to increased consumption for air condition- 
ing and increased revenues, the viewpoint depending on 
available supply and plant capacity. 

In Chicago, for instance, certain sewers in the down- 
town section—built many years ago and already over- 
loaded—are inadequate to carry off the waste water; 
one large plant recently put into operation uses 1500 gpm 
of condensing water. The only solution, according to 
city engineers, is larger sewers. In Lincoln, Neb., there 
were a number of smaller cooling installations hooked 
up with the sanitary sewer system, and had the situation 
been permitted to continue, it would have been necessary 
to increase the sanitary sewer system, according to 
Superintendent of Streets Cobe S. Venner, who intro- 
duced an ordinance which was recently passed to take 
care of the situation. The ordinance provides that the 
effluent from any air conditioning or refrigeration equip- 
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ment shall not be discharged into any street or alley, but 
into the public storm sewer; where a storm sewer is not 
available, the city engineer may, in his discretion in cases 
where the discharge from any building is not more than 
10 gpm, permit such effluent to be discharged into a 
sanitary sewer, and provided further that in residential 
districts the city engineer may permit the effluent to be 
wasted on to private lawns. The ordinance applies to 
plants heretofore as well as hereafter installed. 

In Cincinnati, water main capacities are limited with 
little opportunity of increasing sizes or duplicating pres- 
ent mains owing to narrow streets occupied by other 
services and utilities besides the water works, according 
to Water Works Superintendent A. S. Hibbs. In one 
case, says Mr. Hibbs, a large air conditioning system 
using water direct from the main to the sewer through 
a 6 in. meter dropped the pressure in the downtown dis- 
trict almost 5 lb. The water works department is there- 
fore working as closely as possible with contractors and 
is asking that the use of city water for condenser cooling 
be limited to a 3 in. meter, or about 300 gpm. In cases 
where more than this amount of water is required, the 
installation of cooling towers or evaporative condensers 
is suggested. 

A number of speakers and writers have given con- 
sideration to the subject in recent months. A paper 
by D. C. Morrow on water supply as affected by the 
demand for summer air conditioning was presented at 
the recent joint meeting of the A.S.H.V.E. and the 
A.S.R.E.; this paper was published in Refrigerating 
Engineering, June, 1936, and was sum- 
marized in the proceedings of the 
A.S.H.V .E. semi-annual meeting on pp. 
462-463, A.S.HV.E. Journal Section, 
August, 1936, issue of Heatinc, Prp- 
ING AND AIR CONDITIONING. 

L. L. Lewis has addressed several 
local water works associations on the 
subject, and later presented a paper, 
with L. H. Polderman, before the 
American Water Works Association; 
his earlier paper is abstracted here. 

Writing in the July, 1935, Heartine, 
PipING and AIR CONDITIONING from 
South America, Rudolf Kuhlmann de- 


Cooling tower for 1100 ton department store air 
conditioning system designed to deliver 3400 
gpm of 85 F water under maximum wet bulb 
conditions. Main casing is 20 ft wide, 60 ft 
long, and 30 ft high. Four 120 in. diameter, 
12 blade fans operating at 300 rpm require a 
total of approximately 50 hp at full load. Note 
ornamental trim enhancing appearance of tower 











scribed water conservation methods in Rio de Janeiro 
and other cities, including the use of cooling towers, 
evaporative condensers, spray ponds, wells, and an 
installation where water taken from the city mains is 
passed through surface coolers and returned to the mains. 
Walter L. Fleisher has proposed the use of salt or raw 
water for condenser purposes, in cities bordering on an 
inexhaustible supply, and a discussion by him appears 
below. The Tribune Tower, Chicago, saved $8,000 in 
condensing costs in 1935 over 1934 by installing a closed 
circuit from the nearby Chicago river to the condensers 
and direct to the sewer, according to Holmes Onderdonk, 
manager of the building, in an interview published in 
HEATING, PIPING AND AtR CONDITIONING, October, 
1935. 

A “round table discussion” on the effect of air condi- 
tioning on water consumption appeared in Water Works 
Engineering, October 30, 1935; one comparison is par- 
ticularly interesting. An air conditioning system for a 
general office has two 30-ton compressors, one of which 
usually carries the building for 24 hr a day operation; 
water is wasted to the sewer, the consumption being 
11,958 cu ft per day. A restaurant installation in the 
same city has four 15-ton units, a forced draft cooling 
tower, and operates 16 hr per day; necessary make-up 
water is estimated to be 190 cu ft per day. 

A. R. McGonegal, in a paper presented before the 
Maryland-Delaware Water and Sewerage Association 
reported in The American City magazine, February, 
1936, said that the threat of greatly increased consump- 
tion which hangs over the heads of water officials lies 
in the demand for air conditioning, as the growth of the 
air conditioning industry has been phenomenal. He 
stated that a small residential air conditioning plant will 
consume more than 4500 gal per day, and that a corner 
grocery, a beauty parlor, or a small moving picture 
house would use some 30,000 gal. He advised his 
hearers to watch water consumption, check sources of 
supply, and give serious thought to a proper balance for 
the future. 


Air Conditioning in Relation to Water Consumption, 
by L. L. Lewis* 


A simple way to get rid of the heat from an air con- 
ditioning plant is to buy water and pass it through the 
condenser to the sewer. If this were the only way to do 
it, you might well be concerned by the demand. But, in 
certain cities, the cost of water was high and the manu- 
facturers of air conditioning and refrigerating equipment 
sought means of reducing the water costs. And so, 
economic forces stimulated the development of equipment 
which would reduce sales resistance by reducing the need 
for water where rates were high, or where the threat of 
water shortage might restrict its use. This has borne 
fruit, so that there is available water conserving equip- 
ment which may, in some localities, reduce water sales 
you would like to make but which may, in other localities, 
save you from excessive demands. 

The first stage of this development—ante-dating air 
conditioning—was the cooling tower. The second stage 
was the development of the evaporative condenser in 

"Chief Engineer, Carrier Engineering Corp., Newark, N. J. Abstracted 


from a paper published in the American Water Works Association Journal, 
March, 1936, 
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which the functions of the condenser and the cooling 
tower are combined. 


Demand for Water 


What is the magnitude of this demand for water going 
to be and what will be its characteristics ? 

Let us examine the demands for water of the several 
types of prevalent installations of air conditioning, which 
are given in Table 1. 

Btu per person will vary somewhat for each installa- 
tion, but limits of variation are well known. Hours of 





Water conservation made possible 
by use of evaporative condensers 


operation per season can readily be set for maintenance 
of the desired conditions. Load factors, or the relation 
of average load to maximum load, are based on experi- 
ence. Gallons of both maximum and average demand 
must be based on an average water temperature and an 
average balance between water and power. 

Hence, Table 1 is necessarily composed of figures 
which are admittedly controversial as to the interpreta- 
tion of experience, for multifarious economic forces 
press in some localities for excessive use of water and in 
others for conservation thereof. 

For a given power rate, cold water may throw the 
balance in fayor of heat disposal entirely by water— 
warm water may do the opposite. Low power rates may 
favor the conservation of water—high power rates, the 
opposite. The complexity of these economic forces be- 


Table 1—Demands of Several Types of Air Conditioning 
Installations for Water 
Values are per person; season of 120 days; water co: 
condensers 


Maxt- | Hours |GAL PER! Loap 1B 

Bru MUM Opera- | SEASON | Factor LE 
PER DEMAND,| TION | AT MAX- PER SE, 
Hr GAL PER PER IMUM CENT PER 
Ir | SEASON | DEMAND SON 

RATE 

Residence. . . 4,000 40 | 2,900 | 116,000 30 ‘ cole 
Train 1,400 14 | 1,200 | 16,800 50 8,400 
Office 4,700 47 | 1,200 | 56,400 | 10 oo 
Lunch room... 1,600 16 900 | 14,400 50 ro 
Restaurant 2,000 20 | 1,200 24,000 60 4 
Drug store... 2,000 20 1,800 | 36,000) 60 = 
Theater. 1,000 10 1,500 | 15,000 30 —o 

Department store. 1,600 16 1,200 | 19,200 60 ) 
Average 2,300 37,000 600 
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comes apparent when it is realized that power for air 
conditioning may cost from less than 1 to more than 3 
cents per kw-hr; that water may be purchased at rates 
varying from $0.45 up to $2.85 per 1000 cu ft—perhaps 
higher ; that the temperature of water coming from mains 
may range in summer from 56 F to 85 F, and that the 
pocketbook limitations as to available capital may enforce 
the purchase of equipment which is above average in 
demand for water or power, or both. 

But, let’s continue our examination. 
facts are obvious. 

First, that the demand for water is seasonal. It is 
high in summer and insignificant in winter. A 120 day 
cooling season is typical of New York. In the South, 
it may exceed 150 days. 

Second, that economic forces and restrictive regula- 
tions, such as are now applied in New York, did, in 
1935, lead to extensive purchase of evaporative heat dis- 
As a result, water consumption was cut 


Three important 


posal systems. 
60 per cent. 

Third, that within the cooling season, the peak demand 
is far above average consumption. 

In my opinion, an early achievement of the Utopian 
condition of an air conditioned spot for each and every 
person in a city is beyond the most pleasant dreams of 
the air conditioning industry. Countrywide, it would 
mean that sales will have totaled $4,000,000,000 to 
$5,000,000,000. If annual sales of air conditioning 
doubled regularly every four years, and without regard 
to obsolescence, the total air conditioning installed will 
have reached $500,000,000 in 1945, and $1,000,000,000 
in 1950. 

If air conditioning is sold at such a rate, at some time 
in a period between 1945 and 1950 the per capita water 
demand will become : 


(1) Maximum rate—35 gallons per day 

(2) Average rate— 5 gallons per day 
provided the present practice of using evaporative con- 
densers and cooling towers is maintained. But if 
evaporative condensers and cooling towers be used ex- 
clusively from now on and be substituted for existing 
condensers now wasting water, then these two rates 
would be cut to: 





(1-a) Maximum rate—23 gallons per day 
(2-a) Average rate— 3 gallons per day 


No process of averaging out, however, can prevent the 
other fellow’s sore leg from hurting him. You divide, 
therefore, into two groups: 


1. Those to whom air conditioning offers an opportu- 
nity to sell more water. 

2. Those to whom any increased demand will present 
a serious problem, or who may now be unable to 
meet existing demands if rainfall is below average. 


Conclusions 


(a) With respect to Group 1, the maximum demand 
of 23 to 35 gallons per capita per day may overtax your 
pumping equipment or, if not that, the capacity of your 
mains in certain focal points. 

(b) With respect to Group 2, your inability to assure 

a continuity of supply, either at present rates of con- 
‘sumption, or at present rates plus 3 to 5 gallons per 
‘apita per year average, or to pump and distribute as in 
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(a), should be faced squarely as the facts stand, and 
proper restrictive measures instituted. 


Use of Raw Water for Condensing Purposes, 
by Walter L. Fleisher* 


In the regulations for consumers of water issued by the 
department of water supply, gas and electricity of the 
City of New York, it is stated: “Use of water other than 
for sanitary purposes, domestic consumption or commer- 
cial purposes, is granted under such conditions or 
reservations as the department may consider reasonable 
and provided no unnecessary waste exists. The depart- 
ment, however, reserves the right to prohibit such ex- 
traordinary use of water if water supply conditions so 
warrant.” 

This particular clause, in a way, is a threat, that in 
case of drought or inadequate water supply, the first thing 
that would be cut off would be the city water supply 
used for condenser purposes. The growth of the city 
and the new use of water is presenting a problem to 
New York which is likely to become dominant at any 
time. It is reasonable to expect, with the increased 
use of water in air conditioning, that within a year or 
two large users of water for condenser purposes will be 
prohibited from using city water. Anyone, therefore, 
entering into the use of air conditioning for summer 
cooling, in which city water is used for precooling or 
condenser purposes, must face this situation and design 
his system for the required amount of cooling tower 
water necessary for its operation. As New York City 
water runs from about 67 to 70 F and as cooling tower 
water may run as high as 82 to 85 F, it can readily be 
seen that provision must be made by furnishing facilities 
for handling two or three times as much cooling tower 
water as city water. 

In a city such as New York or Boston, or any of the 
cities bordering on salt or raw water in inexhaustible 
supply, thought should be given to the use of this water 
for condenser purposes. In the first place, it is inex- 
pensive, even though new mains have to be laid to carry 
it to where it might be used. The water itself requires 
only screening to remove large solids, and the pipes 
require no insulation, very little need of expansion and 
practically no care in their upkeep. 
supply are usually at least as cool as cooling tower water, 
and possibly cooler most of the season, the only care 
that would have to be taken in the installation of equip- 
ment would be the selection of material which would 
stand the corrosive action of brine. As most of the con- 
denser work that has been done has evolved around the 
use of salt water on ships, this is not in any way a new 
problem, being one which has already been solved and 
practiced by manufacturers of condensers who cater to 
the shipping trade. 

In those communities where central steam heating 
systems or central water systems are being laid, increased 
or augmented at the present time, it is, indeed, the point 
of wisdom for those utilities now looking for the air 
conditioning business of the communities in which they 
operate, to lay lines which can be used for condenser 
purposes at the same time that they are laying their 
other lines. We Americans have a habit of closing our 


As these sources of 


*Consulting and Advisory Engineet, New York, N. Y. Member of Board 
of Consulting and Contributing Editors. 





eyes, to a certain extent, to the future, but the increased 
use of a cooling medium or a transfer medium, such as 
water, for air conditioning purposes must be very 
thoroughly reckoned with at the present time if we are 
to preserve our expensively obtained pure domestic 
water, the source of which is receding further and 
further from the centers of use as we require more and 
more for domestic usage. 

The question may arise as to the danger of using this 
untreated water because of possible contamination. But, 
as the raw water which I am recommending for con- 
denser purposes never comes in contact with either air 
or water which is returned to the system and, conse- 
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quently is not brought in contact with people, there need 
be no fear from this source. Then, the only other ques- 
tion that might arise would be that of the wastage o/ this 
condenser water to the sewers. 

When it is considered that water for condensing 
purposes is one of the major factors in influencing the 
use or non-use of air conditioning, and when it is con- 
sidered that the raw water which I have advocated for 
the purpose of condensing is the cheapest method of 
condensing that I know of, it can be seen that if such 
lines were run for this purpose, the use of air condition- 
ing combined with refrigeration would increase rapidly 
and satisfactorily in the future. 





Place Air Intake to Avoid Pulling In Dust 


By J. M. Pettingell* 


HE location of the outside air intake for an air 

conditioning system frequently lacks sufficient con- 
sideration of probable sources of fumes, odors and air- 
borne solids ; consequently troubles develop which could 
be avoided by more careful planning and investigation. 
Complete information should always be obtained about 
nearby domestic or industrial activities producing a gas, 
vapor, odor or dust which might be objectionable if 
drawn into the system. 

Intakes should be above ground level, removed from 
dust which is blown along the ground by winds. If 
the wind is strong, dust clouds may be visible, but much 
dust is so fine that it cannot be seen. Grilles in the side- 
walk or at ground level and intakes through basement 
windows should be avoided. 

Roof penthouse intakes should be higher than the 
parapet wall around the roof to avoid the dust, ash 
and soot which settle in such basins. Where there are 
nearby chimneys discharging smoke, ash and cinders 
from combustion and the cleaning of boiler tubes, a 
large quantity of dust is collected on the roof. This 
dust circulates around the roof and only a small amount 
may be blown over the parapet wall. If the intake is 
lower than the parapet much of this dust will finally 
be drawn into the system. Another disadvantage of 
a low penthouse intake occurs on hot summer days when 
the air absorbs heat from the hot roof. See Fig. 1. 

Intakes in pits, areaways, passageways between build- 
ings and from rear alleys are undesirable, as such places 
are natural collecting points for dust. Hazardous con- 
ditions may even result, as was the case in a theater 
installation where the janitor made a practice of burn- 
ing waste paper, programs and sweepings in an alley. 
The outside air intake was at street level in the same 
alley and once smoke and burning particles were pulled 
into the system and distributed over the auditorium. 
Considerable damage was done but fortunately the 
theater was not occupied at the time. 

The best location for an intake is on the side of a 
building above the level of wind blown ground dust and 
with no roofs or horizontal surfaces extending in front 
from which accumulated dust and heated air can be 
drawn into the system. The intake should not be so 


*American Air Filter Co., Inc., Boston, Mass. 


high that it is in the direct path of smoke from neigh- 
boring chimneys. It also should be removed from other 
sources of dust, fumes or odors, which under normal 
prevailing winds would reach the intake. 

Sometimes the intake is not in the best position be- 
cause of appearance. In the installation shown in Fig. 2, 
it was decided to place the intake below grade with a 
grille in the sidewalk of an alley. It was known this 
would cause heavy dust conditions but no other arrange- 
nent seemed suitable. The amount of dirt, soot, fumes 
from automobiles, cigarette stubs and other refuse which 
has entered the intake has been enormous. A fine mesh 
screen was placed at the entrance, the areaway has been 
swept clean every other day, but after five years, the 
primary heater coils have deteriorated so much from the 
unusual conditions that they must be replaced. When 
this is done, it is also proposed to elevate the intake by 
erecting a sheet metal duct on the outside wall of the 
building as shown. 
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partment House in London 


Completely Air Conditioned 


HE complete air conditioning of all apartments in 

the new eight story Eaton House in the heart of 

London’s West End presented several problems 
which may be of interest to American engineers. The 
building, just a few yards from Hyde Park and 
adjacent to several large West End hotels, occupies what 
is considered one 
of the most val- 
uable pieces of 
property in the 
world. It is prac- 








tically complete, densing units were installed on platforms extended from the landings 
and is being dec- in the building well adjacent to the kitchen of each apartment 
orated in prep- >i ae a 


By J. W. Harvey*- 


Each of the 30 apartments of the Eaton House, in the heart of 
London’s West End, has its own air conditioning plant . .... Con- 


apartments. Each plant consists of one 1% hp “Freon” 
condensing unit working in conjunction with a vertical 
air conditioner comprising slow speed fan and motor, 
heating coil, cooling and dehumidifying coils, air filter 
and winter humidifying spray. There are two large 
“wells” in the center of the building, built mainly for 
light and to house 
the fire escape 
staircase. The con- 
densing units 
were fixed in 
these areas, each 
machine being ad- 
jacent to the kitch- 











aration for the 

return of London 

society in October. The apartments have from three to 
six bedrooms, maids’ quarters, and commodious living 
rooms and dining rooms. Rentals are from 415 to 1250 
pounds per year. 

The outstanding feature is, of course, the fact that it 
is the first block of luxury apartments in England to be 
completely air conditioned, summer and winter. The 
building contains 30 apartments, each of which has an 
entirely separate air conditioning plant. 


Choosing the Type of System 


In studying the air conditioning of a building of this 
type, several questions immediately arose, chief among 
these being the question of a central plant or separate 
units. In a building with a variety of tenants, each with 
his own personal ideas of what constitutes comfort 
conditions, it seemed wise to install a system which pro- 
vided considerable latitude in the matter of individual 
control. In addition, should any of the flats be unoccu- 
pied for any length of time, it would be unnecessary and 
uneconomic to have them air conditioned. 

One solution was to install separate air conditioners 
for each apartment, the cooling being supplied from a 
central water cooling system in the basement, but this 
would have entailed a large amount of pipe work to feed 
the various coolers, and also a continuously running 
water pump, the cost of running being borne by the 
management. It was the management’s wish that, as far 
as possible, the conditioning of each flat be kept entirely 
separate so that each tenant could be charged indepen- 
dently for the operating costs of his installation. It was 


en of the apart- 
ment served. 

The air conditioners were placed vertically in the 
kitchens of each flat and occupy:a floor space approxi- 
mately 3 ft by 2 ft. These were encased in sound proof 
enclosures, the latter being treated to harmonize with 
the kitchen equipment. Owing to the proximity of the 
condensing units, very short liquid and suction lines were 
required, thus greatly reducing the possibility of leaks. 

The conditioners each handle 1300 cfm, representing 
about 12 changes per hour in the apartments. Each 
conditioner is supplied with hot water from the central 
boiler plant which serves in addition the various stair- 
cases and unconditioned corridors, and also provides 
hot water for baths and domestic purposes. 

Air distribution was another problem, because the 
restrictions applying to the height of buildings in London 
operate to reduce ceiling heights so that it was not pos- 
sible to provide false ceilings to conceal the duct-work. 

An air delivery duct is carried from each conditioner, 
at a high level, with branches to each room. Wherever 
possible, use was made of cupboards and service space 
to house these ducts, and where this could not be done, 
the ducts were designed and treated with expanded 
metal and plaster to represent beams. 

Each branch terminates in a diffuser grille at a high 
level in the room. The return air is taken from the hall 
of each apartment, grilles being fitted at a low level in 
each of the rooms, so that no direct duct connection is 
necessary and maximum floor space is preserved. 


Control is Fully Automatic 


The plant is under fully automatic control at all times, 


and in addition the tenant may vary the conditions as 
desired to suit his requirements. The controls are situ- 
After careful study of these problems it was decided ated on an instrument board in the hall, and consist of 
to install an entirely separate system for each of the 30 a thermostat, a humidistat and a change-over rotary 
anti , switch from cooling to heating or vice versa. 

*York-Shipley, Ltd., London, England. If, as often occurs in the early summer and autumn, 


also thought an entirely independent plant would be most 
favorably received. 
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Left to right, top row—London’s first completely air conditioned 
apartment building, the Eaton House ..... Condensing units 
in one of the two open wells .... . Condensing unit being in- 
stalled; note method of mounting. Left to right, bottom row— 


cooling has been necessary during the day and the tenant 
finds that the evenings tend to be cold he can, by chang- 
ing the rotary switch from cooling to heating and setting 
the thermostat at the desired point, cut out the com- 
pressor and open the automatic hot water valve. It is 
unnecessary to send a service man to effect the change- 
over because, owing to the arrangement of the equipment, 
the refrigerant in the evaporator is not affected by the 
heat from the heating coil when the latter is in operation. 


Silent Operation Essential 
Fit, 
As the equipment is in operation 24 hours per day, 
one of the greatest problems encountered was that of 
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The air conditioner for each apartment is installed in an en 


closure in the kitchen ..... One of the kitchens, showing how 
air conditioner was built in and duct work concealed .. .. . Con- 
trol panel in the hall of one of the apartments and return grille 


making the plant not only commercially silent, but @0so- 
lutely silent in operation. This was accomplished by 
mounting the condensing units on pedestal type antl 


vibrators which are fixed on a perforated iron grille sup- 
ported on a steel platform extended from each landing. 
The air conditioners were mounted on compressed felt 
pads, the fan and motor being insulated from th: ndi- 
tioner casing with compressed felt washers. The duct 
work was designed for low velocities, and s« yund absorb- 

ent baffles were fitted where necessary. 
The complete installation presents a neat @! na 
pact appearance, the duct work being hidden t 2 
T) 1 


conditioners so concealed that they are not apy 
the kitchens. 




















Vern O. Knudsen* reviews recent developments here 
and abroad in noise measurement and control, with 


particular reference to heating and air conditioning 


The War 


HE war on noise has many fronts. In Germany, 

as in the United States, important contributions 

have been made in recent years to our basic 
knowledge of sound, noise, and hearing, new units of 
measurement have been approved or standardized, im- 
proved techniques of measurement have been devised, 
and equipment and methods of treatment to promote 
quiet operation have been developed. 

Dr. Karl W. Wagner, Director of the Heinrich Hertz 
Institute for Vibration Research, described some months 
ago German developments in the war on noise in a 
technical paper in the Zeitschrift des Vereines Deutscher 
Ingenieure. Because heating and air conditioning en- 
gineers have manifested a wholesome interest in the 
problems of noise and its measurement and control, it 
is felt that the present review of progress made in 
Germany as well as in this country will be of benefit. 


Standards of Noise Measurement 


German workers in acoustics have accepted, for the 
most part, the tentative standards proposed by the 
American Standards Association’s sectional committee on 
acoustical measurements and terminology. In agreement 
with our present usage, they use 1000 cycles as the ref- 
erence frequency, and define the loudness level of a noise 
as the equally loud reference tone. Thus, if /, p are the 
intensity and root mean square pressure, in the direction 
of the normal to the wave front, of the equally loud 
1000 cycle tone, and /,, po are the threshold values, then 
the loudness level of the noise is 

I p 

Loudness level = 10 logi— = 20 logiw —(Phon) 

Io po 
Most German workers use “Phon” for this logarithmic 
unit of loudness level, where we use “decibel” (db), but 
anumber of recent workers are using the name “decibel.” 
The threshold values of J,, fp. used in Germany differ 
about 3.8 db from those adopted in the United States. 
The Germans use p, = 3.16 K 10% dynes per sq cm 
lor the threshold pressure, which makes a loudness level 
of 70 db correspond to p= 1 dyne per sq cm, whereas 
we use J, = 10°°* watts per sq cm, or pp = 2.07 X 
Loy (H/76) /273/T dynes per sq cm, where H is 
the barometric pressure in cm of Hg, and T is the tem- 
Mature in deg Centigrade. This means that a noise 





er? ‘ See 
University of California at Los Angeles. 
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on Noise 


meter calibrated according to present American practice 
will read about 3.8 db higher than a similar meter cali- 
brated according to present German practice. 

The Fletcher-Munson curves of equal loudness level 
and their curve of loudness vs. loudness level are gen- 
erally accepted in Germany. See Figs. 1 and 2. Every- 
one interested in noise measurements should be familiar 
with the general significance of Fig. 2. Thus, if a loud- 
ness level of 50 db is assigned an arbitrary loudness of 
2000 units, it is found that a loudness of 4000 units 





Fig. 1 


Curves of equal’ loudness contour for pure tones 
(Fletcher and Munson) 


(1.e., a doubling of the loudness) corresponds to a 
loudness level of 60 db, and a loudness of 1000 units 
(1.e., a halving of the loudness) corresponds to a loud- 
ness level of 42 db. Other relations between loudness 
and loudness level are given by Fig. 2 


Measurement of Impulsive Sounds 


= | 








Several recent experiments have indicated that the 
brain responds to sound in a manner analogous to the 
response of a ballistic galvanometer. The loudness level 
of periodic impulsive sounds, such as the exhaust noise 
from a gas motor, depends upon the time integral of 
the sound intensity. Békésy has found that the ear re- 
sponds to repeated impulsive sounds as though it had 


a “time constant” of 0.15 second. Steudel, following the 








work of Békésy, finds that when periodic impulses occur 
at a rate of 1 per sec there is an apparent increase in 
loudness level of 1 db, and when the rate is 50 per sec 
there is an apparent increase of 10 db, but no further 
increase for rates in excess of 50 per sec. 

Meters for the measurement of such impulsive noises 
should simulate this ballistic characteristic of the hear- 
ing mechanism if the meters are to register what they 
are intended to register, namely, the “noisiness” of the 
noise. H. Sell of Siemens and Halske has developed a 
noise meter which is adapted to this function. The 
meter contains the usual high quality microphone and 
amplifier, but is followed by a so called impulse tube— 
a vacuum tube rectifier with a capacitance-resistance 
circuit in its input which gives the impulse tube a time 
constant of 0.15 second, so that its response to impulses 
will resemble the response of the ear and brain. The 
amplifier is coupled so that its amplification character- 
istic corresponds with the 80 db loudness level contour 
of Fig 1. In the output of the rectifier tube is a logarith- 
mic meter calibrated in decibels, or a self registering 
meter may be substituted. By means of a potential di- 
vider in the input of the amplifier the sensitivity of the 
meter can be altered to give ranges of 55 to 80 db, 70 to 
95 db, and 85 to 110 db. A convenient impulse generator 
of simple mechanical type, which develops an impulsive 
sound of constant intensity, can be attached to the 
microphone for calibrating and checking the sensitivity 
of the meter. The apparatus is housed in two boxes, one 
containing the microphone and amplifier and the other 
the indicating meter and batteries. 

This meter represents a development of an instru- 
ment which is well adapted for its limited use of meas- 
uring impulsive noises such as traffic noise as well as 
the noise of many individual motors or rotating machines 
which develop periodic “puffs” or “slaps” or “knocks.” 
Other meters can be developed to meet certain restricted 
purposes, but as yet no meter has been devised which is 
reliable for all kinds of noise. It is necessary only to 
consider the complicated nature of the ear response to 
realize the nature of the difficulties in the design of 
such a noise meter—such as the variation of sensitivity 
of the ear with frequency and intensity, the time con- 
stant of the ear, masking, fatigue, and the non-linear 
response of the ear to sound. Obviously, all these pe- 
culiar characteristics cannot be incorporated in a simple 
and an inexpensive noise meter. 





Filters for Tubes and Ducts 


Exhaust filters have been developed which, in the 
principles of design, are applicable to the problem of the 
reduction of noise transmission through pipes or ducts. 
Four methods have been used to prevent the transmis- 
sion of sound through tubes: (1) acoustical filters of 
the Stewart low-pass or high-pass type—these are sim- 
ilar in principle to the well-known electrical filters com- 
posed of various combinations of inductance and capac- 
itance—and are made up of a series of tubes and open 
or closed chambers which are inserted in the air or gas 
conducting pipe or duct; (2) interference tubes of the 
Quincke type—in general, these are similar to, but less 
effective than, acoustical filters; (3) the lining of the 
inner walls of the pipe or duct with a sound-absorptive 
material—often a duct is divided into a honey-comb 
structure with the sound-absorptive material so as to 
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make the channels smaller and to increase the total 
amount of absorbing material; and (4) changes ii the 
area of cross-section of the duct. 

Method (3), and to a lesser extent method (4) are 
employed in heating and air conditioning installations 
and have been described previously in HEATING, Piping 
AND AIR CONDITIONING. An interesting application of 
(1) is considered by Kluge in the case of the exhaust 
noise of a gas engine. He first calculates the noise of 
the explosions of a typical gas engine on the basis of 
classical gas and dynamical laws, and then determines 
the amount of attenuation or diminution which would 
be necessary to reduce this noise to 70 db at a distance 
of 5 meters. He finds that the attenuation should be 
20 db at 100 cycles, increasing to 45 db at 3000 cycles, 
He then proceeds to design a low-pass acoustical filter 
of three sections which will provide approximately this 
required amount of attenuation. The unique feature of 
this filter is that the component chambers and con- 
necting tubes are graded rather than uniform in size, 
and this is accomplished in such a manner as not only 
more closely to approximate the required attenuation 
characteristic but also to match the impedance of the 
filter to the alternating flow of gas through the exhaust 
system. In this way, the filter not only reduces the 
noise effectively but also increases rather than decreases 
the efficiency of operation of the engine. Although such 
a filter is not directly applicable to ordinary air ducts, 
the principles involved should prove valuable in the 
design of filters for ventilating ducts and pipes. 
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Fig. 2—This empirical curve between loudness and loudness 


level is useful for explaining to the layman how much noe 

reduction may be expected from proposed changes, suc" = 

example, as inserting a sound filter in a ventilating duet 
(Fletcher and Munson) 
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Fig. 3—Curve showing the transmission loss (7.L.) as a 

function of frequency for a double partition. The dotted line 

shows the 7.L. for a single partition having the same weight 
as the double partition (After Wintergerst) 


Transmission of Sound Through Walls and Small 
Openings 


A single rigid partition offers resistance to the pas- 
sage of sound waves almost wholly because of its mass, 
and the transmission loss (7. L.) is proportional to the 
logarithm of the mass per unit area of the wall, and 
increases linearly with the frequency of the sound. In 
the case of double partitions, with no rigid ties between 
them, Wintergerst obtains an equation for the ratio * 
of the sound pressure in front of and behind the double 


partition, 


mM, + Mle Z 
S=) 1+ te ———— cos yd+ 
Ze cn 


where m, and mz are the masses per unit area of the two parti- 
tions, y is the propagation constant (the real part of which gives 
the velocity of sound in the wall), Z is the characteristic im- 
pedance of the wall, d is the separation between the partitions, 
and w is 2x times the frequency f. 


The T. L. for such a double partition, calculated from 
Wintergerst’s equation, depends upon the frequency in 
a manner indicated by Fig. 3. For low frequencies 
(AB) the insulation is the same as for a single parti- 
tion of mass m, + m,; the T. L. for such a single par- 
tition is indicated by the dotted line. The dip at C is 
attributable to panel resonance. DE increases much more 
rapidly than does the curve for a single partition, and it 
is in this range of frequencies that double partitions are 
especially effective—for the partitions used in buildings 
the resonant frequency C is as low as 50 cycles so that 
DE (and EF) cover the important range of frequencies 
ordinarily encountered in most problems of sound in- 
sulation. 

It should be borne in mind, however, that the noises 
ol many rotating machines used in heating and air con- 
ditioning are rich in low frequency components, and for 
such low frequencies double partitions offer no advan- 
tages over single partitions. The maxima and minima of 
the section EF result from the resonance of the column 
air between the two partitions, and are determined by 
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the distance d. Transmission measurements on a double 
partition (of thin wood) at the Heinrich Hertz Institute 
give results which accord quite satisfactorily with the 
Wintergerst theory. Gemant has recently extended this 
theory to apply to rigid, plastic, fluid, and porous mate- 
rials. 

It has long been known that sound, as is light, is 
diffracted when passing through small openings. The 
effect of diffraction, so far as sound transmission is con- 
cerned, is to increase the apparent size of the hole. 
Wintergerst and Knecht have calculated the effect for 
single circular holes, 3 to 12 cm in diameter, and obtain 
the following results, expressed in terms of 


apparent area of hole 








q= _————— 
actual area of hole 
} 100 | 200 400 600 SOU 10u0 1400 1800 
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For several openings, with spacing large compared with 
the diameter of the hole but small compared with the 
wave length, the transmission increases with the square 
of the number of openings—in agreement with Ray- 
leigh’s theory. 


Solid Borne Sound 


Measurements of the velocity and attenuation or 
diminution of longitudinal, torsional and transverse vi- 
brations in wood, concrete, brick and iron show that 
the attenuation increases linearly with the frequency, 
but that the actual attenuation is very small. Thus, in 
iron, a longitudinal vibration of 500 cycles must travel 
1000 meters before the wave is attenuated 1 db. Tor- 
sional and transverse waves are more rapidly, but still 
slowly, attenuated. There is more, but 
still small, attenuation in wood, con- 
crete and brick. Wood offers the 
greatest damping, the loss amounting 
to 1 db in 3 to 20 meters. This means, 
to the heating and air conditioning engineer, that solid- 
borne machinery vibration may travel through rigid 
structures great distances without appreciable loss of 
amplitude, and therefore steps must be taken to isolate 
or insulate such machinery no matter how far away 
may be the rooms where quiet is required. 
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Machine Noises 


Progress has been made in determining and reducing 
the sources of noise of electric motors. -It has been 
found that the alternating magnetic field of the armature 
sets up vibrations of the teeth and slots. The hum of 
these magnetically excited vibrations has been reduced as 
much as 20 db by redesigning the armature—breaking 
up the windings into two pairs of sections so that 
‘ach pair produces mutually opposing magnetic fields 
on the teeth and thus minimizes the magnetic field which 
excites the teeth into vibration. by giving similar study 
to other sources of noise, both in motors and other 
machines, such as the vibration of the housings, reso- 
nance of plates, bars and air chambers, loose and eccen- 
tric parts, the action of commutators, the mounting of 
the machines on suitably designed flexible supports, and 
the housing of the machines in closed compartments, it 
is possible to reduce noise further. 





In the plants and warehouses of 


hat the Operating Force 
Effective, Efficient Air 


By Rush 


N every industrial activity there must be established 

a competent and trained personnel to insure its 

proper functioning. This has been overlooked to 
some extent in process air conditioning work, and, in my 
opinion, inadequate emphasis has been placed on the 
extremely vital point of operating the system to best 
advantage. 

Operators tend to act on past experience and, for in- 
stance, may feel that a change of 3 to 4 F is the mini- 
mum which can be considered significant. In many 
industrial air conditioning applications, however, a va- 
riation of 1 F in a temperature reading may represent 
15 per cent of the total work the system is capable of 
performing, and will have a similar effect on operating 
cost. Many operating men lack sufficient familiarity 
with factors such as dry bulb, wet bulb, and relative 
humidity, or with the manner in which they are changed 
by various conditioning processes, as for instance, by 
evaporative cooling. 

A recently observed case was the full capacity opera- 
tion of a 25 ton refrigeration unit supplying cold water 
to an air conditioner and maintaining a room dew point 
of 62 F during the month of December, and using no 


outside air, when the outside wet bulb temperature never 
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60 air conditioning systems 





are in year ‘round operation. 
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is naturally required 


exceeded 52 I. Air conditioning 
varying demand, and 


to operate during periods of widely 
at least seasonally there occurs a complete reversal ot 
heat and moisture flow through enclosing walls. An 
excellent opportunity for economy exists if the operator 
adjusts his equipment so that maximum use is made 
of the outside air, and if this air is excluded as much 
as possible when its condition is unsuitable. 

Still another wasteful practice is the excessive use Ol 
heat to lower relative humidity, which is made necessary 
by carrying too high a dew point in the delivered arr, 
thus causing not only a pyramiding effect which ult 
mately establishes a room dew point far too high 


for the 


e + .* ° rect ] S 
best comfort and product condition, but possibly result 
in an excessive refrigeration demand. 

Too often suitable instruments with which to gauge 
1 en 


the functioning of the equipment are lacking, 
they are available they are not properly maintaine< 
used. Notable in this regard is the common I 
poor condition of suction pressure gauges on ret! 
ing equipment, and of temperature indicators 
corders in conditioner inlets and outlets. 

It therefore seems desirable that thor: ugh pro 
be made when an air conditioning plant is insta 
assure, first, sufficient man power to care for th 


ment properly, and second, to devote ample t" 
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training these men in the proper operation and main- 
tenance of the equipment under all conditions for which 
the system is designed to operate. Operators of a year 
‘round conditioning system can by no means be con- 
sidered experienced if the installation happens to be 
made in the summer and there are no instructions given 
for operation during the winter season. 

Fortunately, the acquisition of adequate knowledge for 
best operation of these systems is attractive and, with 
the proper psychological approach the instructor will 
usually find his pupils most receptive. The best proce- 
dure is to discuss all previous methods and pet notions 
thoroughly, and then to take the course of modification 
and adaptation, rather than to disregard intrenched 
ideas. If at all possible, the operators should be selected 
in advance and urged to participate in the design; their 
familiarity with the product or local conditions is far 
too important to be neglected. 

In most cases, whether the system is one designed 
primarily for comfort or for a better product, the re- 
sultant working conditions are improved. Recognizing 
that this can be the case, the operator will exert addi- 
tional effort to provide the maximum of comfort for 
himself and fellow employees. Also, air conditioning 
is assuming increasing proportions as a full time activity, 
and this can be pointed out to accelerate the desire to 
learn about it. Again, unless the system is very large 
or the product a highly specialized one, no specific train- 
ing in chemistry or other science is an absolute requisite ; 
an aptitude for technical work is all that is necessary. 
Generally the men in charge of product conditions can 
be of material assistance in this educational program. 
Whether or not they were instrumental in the purchase 
of the equipment, they will be quick to appreciate and 
evaluate a simple demonstration, as proof of better 
output or employee health and comfort. 

Some training of substitutes and assistants must not 
be overlooked. No one person can be counted on to be 
available constantly, and many systems are designed to 
operate on a 24 hour schedule. 


Training Should Cover All Fundamentals 


The program must cover all fundamentals controlled 
or affected by the equipment. Even the simplest in- 
stallation will require an exposition and demonstration 
of its effects on dry and wet bulb temperatures, relative 
humidity, air change, air motion, and the manner in 
which the operation is to be changed to compensate for 
variations in outside weather. The way in which the 
heat retaining capacity of the enclosure or building 
affects the conditions should be covered. 

If refrigeration is installed, a working knowledge of 
absolute humidity, sensible, latent and total heat of the 
air, and of the pressure-temperature characteristics of 
the refrigerant will be of value. A study of effective 
temperatures is distinctly worthwhile, and it should be 
suggested that the operator make careful observations 
on the physiological and psychological effects of the 
system as evidenced by reactions of other employees. 

Operators should be advised that any indicating or 
recording instrument will require periodic calibration, 
and a plan should be made to facilitate this work and 
make it effective. 

After a decision is made on the extent of the training 
required, it may be useful to suggest an outside form 
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of study, such as a night school or correspondence 
course. In any event the reading of published material 
pertaining to the broad subject should be insisted upon. 
A variety of sources is available, and contemporary 
articles will extend knowledge and maintain ~ interest. 

No matter how extensive the system may be, the early 
training should include the repeated setting down in 
tabular form of all the factors the system controls and 
how it is accomplished (position of automatic or 
manual dampers, valves, etc., at the time readings are 
taken). By this method, a great many of the operator's 
questions will supply their own answers. 


Information to Furnish Operating Crew 


Aside from a complete description and object lessons, 
the designer or installer should supply the purchaser 
with the following material and other information as 
demanded by special conditions or design; this plan is 
employed by Bayuk Cigars, Inc.—makers of “Phillies” 
cigars—in whose plants and warehouses more than 60 
air conditioning systems are in year ‘round operation: 

1. A full set of drawings and specifications and an assembly 
drawing of the entire system, with capacities of each part indi- 
cated. This may be diagrammatic but the parts should be 
numbered or marked in a standardized code system to corre- 
spond with the written instructions and index file. 

2. A complete lubrication and service manual. 
include suggested materials to purchase or services to employ 
for maintenance and servicing since the owner is usually not 
equipped to care for annual overhauling, or major repairs on 
such parts as refrigerating machinery. This should include notes 
on the best times of the year to perform the necessary operation 
and data on effective clothing, gas masks, etc., as required. 

3. A card index file—or material from which it can be pre- 
pared—showing the maker, model and full information on every 
purchased part, and complete details on material and construc- 
tion of all portions fabricated by any contractor. This file will 
serve the double purpose of providing an accurate source of 
information for replacement parts, and a maintenance record. 

4. A set of operation logs on which the operator may enter 
frequent observations of all essential factors during the initial 
training period and to record loads during any extremes of oper- 
ation. The best seasonal intervals for setting up new load aver- 
ages will be most valuable. If the designer cannot visit the 
plant for examination of these records, they should be mailed 
periodically and returned with instructive comment. 

5. A set of design-service factors which can easily be set 
down against the operating logs. As an example, the operator 
should be given normal air pressure values at critical points, 
so that he may more readily check the air circulation and correct 
restrictions due to clogged heater fins and filters, or other 
obstructions. Here, also, the recording and evaluation of the 
relative humidity and the dry bulb and wet bulb temperatures, 
both in the delivered and room air, and the air change appear 
as a minimum requirement. In many cases the operator attempts 
or is expected to make the system perform an impossible duty, 
and these factors will establish that fact to the distinct advantage 
of the designer or installing contractor and the owner. 

Air conditioning is a broad term covering many 
phases. Of course, for economic and other reasons, all 
installations are not designed nor intended to cover the 
application of all the phases to the particular case, and 
the training procedure must therefore be somewhat arbi- 
trary. In any event, thorough information and assist- 
ance passed on from designer to operator will make for 
improvement in air conditioning results. The material 
required can be assembled during the design period with 
little expenditure of time or additional cost. 


This should 





Air Conditioning for Health 








HE effect of air conditioning on health and its 

uses in the treatment of diseases are considered by 

many to be the most important contribution of 
air conditioning to the future. While this aspect of the 
subject has not received the attention that industrial and 
commercial applications have een given, there is a grow- 
ing appreciation of what the future of air conditioning 
may be in promoting health and happiness. Certainly, 
a great opportunity for serving humanity is offered. 

In order to focus attention on what is now known 
of the medical and health aspects of air conditioning, 
and to stimulate thought on the future of such applica- 
tions, contributions from authorities on the subject will 
appear regularly under this heading. 


Air Conditioning Gaining Acceptance 


by Medical Profession 
By C. P. Yaglou* 


BOUT 90 years ago John Gorrie, an eminent 
American physician and scientist, conceived of the 
possibilities of air conditioning as a therapeutic measure 
for the control of fevers in the South. He originated 
and designed a machine for making ice in order to cool 
the air in the rooms of the sick. Unfortunately, he did 
not live long enough to witness the progress in this field. 
Today air conditioning is contributing much to the 
comfort and health of mankind substantially as visualized 
by Gorrie. It is gradually gaining acceptance by the 
medical profession as a preventive agent and a valuable 
aid in the treatment of certain diseases. Of first im- 
portance is probably the application to the institutional 
care of premature and other debilitated infants, where 
the maintenance of suitable temperatures with a high 
relative humidity, as determined by extensive research, 
resulted in a striking reduction of the incidence of res- 
piratory diseases and gastro-intestinal syndromes,’ with 
a consequent increase in the infant’s chances for life. 

In operating rooms, conditioned air is gradually be- 
coming an indispensable aid in preventing explosions 
during operations and reducing the occurrence of post 
operative surgical shock in hot weather. It is now be- 
lieved that in addition to the operating and sterilizing 
rooms, ian adjoining small ward should also be condi- 
tioned as the collapse often occurs after removal of the 
patient from the operating room. 

Such a conditioned ward would probably prove of 
great value in treating patients with heat stroke, fevers, 
summer diarrhea and other cases affected by high tem- 
peratures. The recent epidemics of heat stroke during 
the middle western droughts in 1934 and again this year 
are excellent illustrations of the desirability for provid- 
ing suitable environmental control for emergencies. The 
most important application of this kind was probably the 
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recent installation of air conditioning equipment in 
Italian hospital ships. 

Excessive heat is the cause of much suffering but it 
also has some blessings. Artificial fever is often looked 
upon as a therapeutic measure in certain respiratory 
diseases, syphilis, some kinds of skin disorders, inflam- 
matory rheumatism, chorea, and others. Of particular 
academic interest are the recent experiments of Walker 
on the possibility of destroying cancerous tissues in ani- 
mals by the use of conditioned air. Conditioned air 
appears to offer a safer method of producing artificial 
fever than diathermy when it can be practically and 
economically applied. It is suspected that there is some- 
thing injurious in the high frequency treatment, a con- 
dition which may be alleviated or avoided by the use 
of conditioned air. 

In the treatment of pneumonia, respiratory, and heart 
affections, the importance of cool, dry air enriched with 
oxygen has long been recognized. Pollen asthma and 
hay fevers offer still a wider field of application, the 
main object here being adequate filtration of air. 

Many cther indications for conditioned air are now 
in the process of crystallization. Huntington, 
Mills and others have contributed much statistical evi- 
dence on the influence of weather and climate upon 
health and general welfare. More recently, Darier and 
Schmidt advanced independently the view that certain 
dermatoses? are the result of an interplay between a 















































Jesson. 


*Skin diseases.—Eb. 





Dr. John Gorrie, who pioneered nearly 100 years as 
in the application of air conditioning for healt 





+Reproduced through the courtesy of Dr. H. Marshall Tay ‘ 
of “John Gorrie: Physician, Scientist, Inventor, publish 
Southern Medical Journal, Vol. 28, No. 12. 














September, 1936 














Original model of Dr. Gorrie’s ice machine. 


person’s constitution and environment. Thomas, a scalp 
specialist, went a step further in attributing loss of hair 
to overheated dry air indoors in winter time. Although 
the connection is not far to seek, full scientific confirma- 
tion has yet to come. 
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In normal healthy persons conditioned air appears to 
be largely a matter of comfort, except under unusual 
circumstances. It is in susceptible individuals in whom 
continuous readjustments between the individual and 
his atmosphere may entail abnormal reactions and pre- 
disposition to disease. Eventually the resistance may 
be profoundly altered by the physical condition of the 
air and infection may set in. Kerr’s inability to trans- 
mit the common cold from carriers to susceptibles in a 
properly conditioned room may be explained by the 
control of predisposing environmental factors. 
not necessarily lead to a denial of the generally ac- 
cepted view that a cold is an infectious disease. Much 
more additional work is needed to prove Kerr's hypoth- 
esis that the common cold results from the inability of 
the body to adapt itself quickly to changes in temperature 
and humidity. 

Progress in new therapeutic applications will and 
should be slow, as it must be preceded by intensive re- 
search to determine the range of optimum conditions 
for various diseases which are known to be affected by 
the physical condition of the air. The problem is a 
complex one owing to the enormous biological diversity 
of individuals and the widely different response to a 
given physical condition. The optimum air conditions 
in all instances would depend primarily upon the indiv- 
idual and only secondarily upon the type of disease. 
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Tunnel Air Cools Hotel Guest Rooms 


Cool, washed air is supplied to 65 guest rooms of 
Chicago’s John P. Harding Hotel by means of a recently 
installed system utilizing air taken from the extensive 
freight tunnel system many feet below street level. Ac- 
cording to the Harding’s chief engineer, the maximum 
temperature of the tunnel air is 64 F. This air is 
drawn through a 40 ft connection from the tunnel to 
an air washer and distributed to the guest rooms by 
a 35,000 cfm fan. Reheating coils, manually operated, 
are provided to give a measure of control over relative 
humidity, steam being turned on when the inside hu- 
midity becomes too high. A pump driven by 
a5 hp motor recirculates the washer spray 


Adopt Standard Refrigeration Symbols 


The refrigeration division of N.E.M.A. the Refriger- 
ating Machinery Association and the Air Conditioning 
Manufacturers’ Association have approved standard 
refrigeration symbols and submitted them to association 
members as ‘“‘recommended practice” in connection with 
blueprint and general drafting work. This list of stand- 
ard refrigeration symbols is not complete or final, the 
associations state in a joint release, but may be added 
to from time to time as desirability indicates. In this 
way, graphic layout presentations will be more stand- 
ardized and more easily understood. 
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CONTROLS 


By C. L. Ringquist* 


Reference Sheet 1 


Although data on electrical controls for heating, humidi- 
fying, dehumidifying, ventilating, cooling and complete 
air conditioning may be had from numerous sources, in- 
formation on groups of controls applicable to various 
types of systems is not so readily available. The author 
has therefore diagrammed typical control layouts, with 
each of which is given an explanation of the control cycle. 
... For the purpose of illustration, central fan coil types 
of systems are used; the control arrangements described 
are equally applicable to units built up to perform the 
same functions. . . . Types of systems covered by this 
series include humidifying; ventilating; heating and ven- 
tilating; heating, ventilating and humidifying; cooling, 
dehumidifying and ventilating; cooling, dehumidifying, 
ventilating and humidifying; heating, ventilating, dehu- 
midifying and cooling; heating, ventilating, dehumidify- 
ing, cooling and humidifying; and zone control systems. 


HuMIDIFYING 


UMIDIFICATION system control may be divided into two general 
classes, (1) by throttling or shutting off and turning on the sprays; 
(2) regulating the amount of heat supplied the incoming air or the spray 
water, 
Humidity Control Accomplished by Throttling and Shutting Off and 
Turning on Humidifying Sprays: 
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Cycle—H, controls operation of I’; and Vy, in discharge spray water 
lines from circulating pump, acting to close ; on rising humidity and Il’, 
on further increase in humidity. The exact reverse happens on falling 
humidity. 

7\, in discharge air stream from fan, controls amount of steam supplied 
reheating coil, maintaining constant leaving air temperature by opening or 
closing Vs. 

V2 is equipped with auxiliary contact to shut off pump motor by means 
of a motor starter when both valves are closed. Fan and fan motor 
manually controlled. 


*Air Conditioning Department, The Trane Co., La Crosse, Wis. 





Heating Coil in Path of Incoming Air Raises Capacity of Air to sorb 


Moisture: 










































































~ 
‘ 
4 
= e 
< sos ea Oates J z 
; a 
o ' = 
« : £ 
211 & $ ; 
ae L@| ¢ 
= v c 
: f$—— 
; @) 
! es / 
+ W/9 r N\ 
i “SS ie « 
1 ie] | —p 4/8 b 
i be —4 +4 l¢ q FAN [m 
1 ie —a¢ 4 18 « ° 
1i¢ a - x . 
1 |% “fir 
r a « 
{ ~ 4/4 & 
i © oe 
j [ & 
! 
i 
' ronal) —_+ 
' ' 
ee 
Symbols 
DE gua Genh desde tht dedwn base daesteendapes Room humidistat 
De aultthWwates dgdeme a6 teeeuatehedukiaeie Duct thermostat 
We OME He ccccccccccscccsccesvccscccveces Modulating motorized valves 


Cycle—Hy, controls /;, allowing more or less steam to enter preheating 
coil as more or less humidity is required. V; is provided with an auxiliary 
contact which stops pump motor by means of a motor starter when humidity 
requirements are satisfied. 

T;, located in fan discharge, acts to control amount of steam allowed to 
enter reheating coil through V, located in the steam supply line to the 
reheating coil, thus maintaining constant temperature of air’ at fan dis- 
charge. Fan and fan motor operated manually. 

Heat Supplied Spray Water to Increase Moisture Absorbing Capacity of 
Entering Air: 
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Cycle—H, controls operation of Vy, in discharge line from ating 
, rough 
water pump, thus governing amount of spray water discharg: oug! 
spray nozzles. I; is equipped with auxiliary contact for shuttn my 
motor by means of a motor starter when V is entirely closed. 
y an 


V2 in steam supply line to spray water heater, is controlled « 
auxiliary contact on ’; which switches the humidity control t 
is completely opened, or by means of a double coii in H,; whi 
V2 when V;, is entirely opened. 

7,, in fan discharge, maintains constant leaving temperat 
trolling amount of heat added to air passing through rehea 
modulation of ls in steam line to coil. This system, as the tw 
described, is not intended to supply any of the heating require! 
humidified space. 
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The Specific Characteristics of Fans 


By M. C. Stuart* (MEMBER) and J. B. Lusk** (NON-MEMBER), Bethlehem, Pa. 


HE fundamental variables involved in the per- 

formance of a given type of fan are quantity, 

head, efficiency, size and speed. In all problems 
of fan selection the quantity and head are fixed by a 
definite external system requirement and the size and 
speed of the most suitable type are to be determined. 
The usual quantity-head characteristics, as illustrated 
in Fig. 1, showing the variation of quantity, head, and 
efficiency for a given type of fan when the size and 
speed are fixed, do not lend themselves to the direct 
solution of problems of this kind. 
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lig. 1-—Quantity-head characteristics of a fan type D, 


725% in. diameter, 400 rpm 


It is the purpose of this paper to present a new 
system of fan characteristics, based upon the well-known 
fan laws which lend themselves to a direct solution of 
fan selection problems, serve to classify fans as to per- 
formance rather than form or design, and are directly 
useful in the solution of a great variety of fan applica- 
tion problems. These characteristics which are termed 
Specific characteristics by the authors, are an outgrowth 
of the well-known specific speed functions which have 
been for a long time applied to hydraulic turbines, cen- 
trifugal fans and centrifugal pumps. 

_ The basic feature of the specific characteristics of 
fans, or of other centrifugal machinery such as pumps, 
hydraulic turbines, propellers, etc., is that they show, 
for a given type of machine, the variation of size, speed 
and eificiency when the external system of the machine 
is fixed. In the case of fans, the specification or fixing 
of external system fixes the quantity and head of the 


lan. ‘or fans, then, the specific characteristic would 
one ssor Mechanical Engineering, Lehigh University. 


Fo \emble Baldwin Research Fellow, Lehigh University. 
r sentation at the 43rd Annual Meeting of the American Society 
YG and VentiLatinc Encineers, St. Louis, Mo., January, 1937. 
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show the variation of size, speed and efficiency for a 
given type of fan when the quantity and head are fixed. 
The definitions of the new concepts required, and the 
explanation of symbols used are as follows: 


Notation and Definitions 

Q = quantity, thousands of cubic feet per minute. 
h = head, inches of water. 

e = efficiency, per cent. 

D = maximum diameter at tip of blades, inches. 
N = speed, revolutions per minute, 





xDwN 
V = blade tip speed, feet per minute = ————— 
12 
hi 
D, = specific diameter, inches = D —— 
Qi 
Ob 
N, = specific speed, revolutions per minute = N 
hi 
xDN, V 
’s = specific tip speed, feet per minute, = —_—_ = — 
12 hi 


The specific diameter, D,, of any fan operating at a 
given efficiency is the diameter of a geometrically sim- 
ilar fan which, when running at its corresponding 
specific speed, N,, will produce 1000 cfm at 1 in. head 
at the same efficiency. 

The specific speed, N,, of any fan operating at a given 
efficiency is the speed of a geometrically similar fan of 
a diameter D, which will produce 1000 cfm at 1 in. 
head at the same efficiency. 

The specific tip speed, V, of any fan operating at a 
given efficiency is the tip speed of a geometrically sim- 
ilar fan with diameter D, and speed N, at the same 
efficiency. 

The expressions for specific diameter and_ specific 
speed, 

hi OQ} 
D, = D ——and N, = N — , 
Q} hi 
are derived in Appendix I from the well-known fan 
laws which state the variation of quantity and head 
with diameter and speed when operating at a constant 
efficiency. 
The expression for specific tip speed, 
wD. N, DN V 
Vie= = — ee 
12 12h* ht 
follows from the definition and the expressions for spe- 
cific diameter and specific speed. 





Specific Characteristics 


The basis for the computation of the specific char- 
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Fig. 2—Specific characteristics of a fan, type D 


acteristics of a fan type is the data from a test of a 
certain fan of that type as portrayed by the quantity- 
head characteristic curves. Simultaneous values of 
quantity, head and efficiency are selected from the curves 
and the corresponding values of D,, N, and V, are com- 
puted. 

The details of the computation of the specific char- 
acteristics in Fig. 2 from the quantity-head character- 
istics of Fig. 1 are given in Appendix II. The specific 
characteristics of Fig. 2 presented in this manner show 
the functional relations between D,, N,, and e in con- 
trast with the functional relations of QO, h, and e as 
shown by the quantity-head characteristics of Fig. 1. 
Just as the characteristics of Fig. 1 show variation in 
quantity and head with speed and size fixed, so the 
specific characteristics of Fig. 2 show variation in size 
and speed with quantity and head fixed. 

From the quantity-head characteristics of Fig. 1, the 
quantity and head for fans of the same type but of other 
sizes and speeds may be easily determined by the well 
understood application of the usual fan laws. In a sim- 
ilar manner, from the specific characteristics of Fig. 2, 
the size and speed for fans of the same type required to 
produce various quantities and heads may be easily de- 
termined by the application of the specific diameter and 
specific speed coefficients. The details of these deter- 
minations are given in another part of this paper. The 
two curves of Fig. 2 are the only curves actually re- 
quired to present the entire specific characteristics of a 
fan type. Other curves between the various specific 
functions are desirable, however, to develop the max- 
imum utility of the specific characteristic method in fan 
classification, selection and in fan problems. The curves 
presented in this paper are the following: 

a. Specific diameter vs. efficiency, shown in Fig. 3 for a group 
of 8 fan types. 

b. Specific speed vs. efficiency, shown in Fig. 2 for one fan type 
and in Fig, 4 for a group of fan types. 

c. Specific tip speed vs. efficiency, shown in Fig. 5 for a group 
of fan types, and 

d. Specific speed vs. specific diameter shown in Fig. 2 for one 
fan type and in Fig. 6 for a group of fan types. 


The designations of the 8 types of fans for which the 
specific characteristics were computed and plotted in 
Figs. 3, 4, 5, and 6 are given in Table 1. 
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Table 1—Fan Type Designations 



































TYPE DESCRIPTION Source 

A Forward curved blade Fan catalog 7 

B Forward curved blade, double inlet Fan catalog 

C | Radial blade, double inlet Fan catalog yi 

D Backward curved blade Fan catalog bey 

E Radial blade, narrow Fan catalog 4 

F 8 blade airplane propeller fan Ohio State Engineering Expe i. 
mental Station, Bulletin No, 
77 

G Axial flow fan A.S.M.E. Transactions Oct. 
1935 

H Slight backward curved blade, narrow| Fan catalog r 





In all problems of fan selection the quantity and head 
are fixed by a definite external system requirement and 
the diameter and speed of a fan of the most suitable 
type are to be determined. From the formulas for spe- 
cific speed and specific diameter, it is seen that for 
definite values of quantity and head, the actual diameter 
of a fan is proportional to its specific diameter and the 
actual speed is proportional to its specific speed. It is 
also observed that any quantity and head could be pro- 
duced by any type fan, within certain limits, if it is the 
proper size and runs at the proper speed. 

Other considerations in the problem which cause lim- 
itations are efficiency, actual tip speed, actual speed or 
actual diameter. A fan is usually selected to operate 
at or near its best efficiency. This efficiency requirement 
will limit the corresponding values of D, and \, and 
therefore the values of the actual diameter and speed, 
for a given type of fan. In many cases the tip speed 
is limited by the degree of quietness required in oper- 
ation, and in others by the strength of the parts. The 
use of synchronous and induction motors directly con- 
nected to fans limits the actual speeds at which the fans 
will operate. Space limitation is the least common re- 
striction placed upon fan selection, but in some cases 
it does definitely limit the diameter of the fan to be 
installed. 

When tip speed is a limiting factor, the specific tip 
speed may be computed from the formula 

y 
V~. = —_. 
hi 
From Fig. 6 it may be seen that certain fan types are 
at once eliminated from consideration. The remainder 
of the problem is to select from the available types, the 
one which is most suitable as to size, speed and efficiency 
to perform the required service. 

When the speed at which a fan must run is fixed, 
the specific speed becomes definitely established, be- 
cause in these cases N, QO and h are all fixed. This 
fixing of the specific speed limits the choice of fan types 
to those having good efficiency at the known specific 
speed. The diameters required of each type can now 
be computed from the specific diameters corres} nding 
to the specific speed. 

When the diameter of the fan is fixed, the specific 
diameter is fixed because D, O and h are all fixed. This 
fixing of the specific diameter limits the choice of fan 
types to those having good efficiency at the known spe 
cific diameter. The speed at which each type must run 
may be computed from the specific speeds correspond- 
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ing to the specific diameter. An example in fan selec- 
tion is given in Appendix III. 


The Classification of Fans 


For a fixed quantity and head the fan speed must be 
directly proportional to the specific speed and the diam- 
eter directly proportional to the specific diameter. Fur- 
ther, specific speed and specific diameter are functions 
of efficiency, and the values of specific speed and spe- 
cific diameters at maximum efficiency become significant 
because of the fixed ratio of the specific characteristics 
to the actual. The wide variations in the values of JN, 
and D, at best efficiency for fans of various types are 
shown on Figs. 3 and 4. Specific tip speeds are sig- 
nificant at the best efficiency because the actual tip 
speeds of various fans producing the same head bear 
the same proportion to their respective specific tip 
speeds. 

A tabulation of the values of N,., D, and lV’, for the 
8 fan types at the best efficiency, is given in Table 2. 
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Fig. 3 which shows the relation between specific diam- 
eter and efficiency for several types of fans serves to 
classify fans according to relative diameter at best effi- 
ciency for a given service. Thus fans A, B, and F 
may be classified as small fans, and E and H as large 
fans. 

Fig. 4 which shows the relation between specific speed 
and efficiency for several types of fans, serves to classify 
fans according to the speed at the best efficiency. Fans 
E and H may be classified as low speed fans, and G and 
F as high speed fans for the same service. Propeller 
fans, Type F, have extremely high specific speeds. 

Q! 
D, ——, it may be seen 
h* 
that fans producing relative large quantities )), must 
be small in order to have a small actual diameter. When 
there is space limitation the fan having the smallest ), 
will give the smallest D. 


From the expression D 
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Table 2—Best Efficiency Tabulations for 8 Fan Types - ; . h ee 7 
as a From the expression V = JN, it is evident that 
baanniaeidiinain - : 
Fan TyPE A | B Cc | D E F | G | H Q 
Best efficiency| 67.7 | 67.2 | 68.5 | 68.7| 58.0 | 46.2|70.4|71.5 fans operating against relatively high heads must have 
-.. Me 900 | 1180 | 900 | 1270| 580 | 4900 | 2000| 310 a low N, to keep the speed low. For fans producing a 
= 1.5! 8714211212201 101153| 43 large quantity with respect to head, the NV, must be high 
Fy. | groo | areo | ano | eran | ane0 | te100 | anon | a500 to keep the actual speed reasonable. For high speed 
= turbine drive N, must be high and for low speed engine 
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drive N, must be low for the same service. The diam- 
eter is not affected as much by the head as is the speed. 

Specific tip speed, ’,, may also be used as a basis for 
fan classification. The specific tip speed is independent 
of the quantity requirement as shown by the expression 
V = V, h*. High head fans must have low lV, in 
order to not have excessive actual tip speeds. 

Fans which produce high heads and small quantities 
must have low N, and high D, for the speed to be mod- 
erate, such as E and H. 

Fans which produce large quantities at low heads 
must have a high \, and low D, such as Fan G. 

In addition to their utility in fan classification and 
selection, the specific characteristics are useful in solv- 
ing a wide variety of problems in fan application. The 
methods of the solution of several types of problem are 
suggested in Appendix IV. 

APPENDIX I 
Derivation of Expressions for N, and D, 

The fan laws may be expressed as follows: 

QVQ=C,ND (1) 
h = C:N*D* (2) 
e = constant 
To show the variation of N as affected by quantity and head, 
D may be eliminated from the equations (1) and (2): 
hi 
N=C;— 
Qs 

When 4 = 1 and Q = 1, N = Cy; or, C; is the speed of a fan 
required to produce 1 in. head and 1000 cfm. 
cific speed N, of the fan, 


(3) 


This is the spe- 


hi 
N=N.— (4) 
QO: 
QO} 
and Ve=N — (5) 
hi 


To show the variation of D as affected by quantity and head, 
N may be eliminated from the equations (1) and (2): 


Q3 
D=a— (6) 


When A = 1, and Q = 1, D = G.; or Cy is the diameter of a 
fan required to produce 1 in. head and 1000 cfm. This is the 
specific diameter D, of the fan. 


Qi 

dD = D.— (7) 
14 
hi 

and ~D, D (8) 
Vv! 


APPENDIX II 


Computations for Specific Characteristics 
The basis of computations for the specific characteristic of 
Fig. 2 for fan type D is the data from a test of a 7254 in. fan 
of type D running at 400 rpm. 
The items of Table 3 and the source of each are as follows: 
Item 1 = Static efficiency, per cent, from curve Fig. 1 cor- 
responding to Q. 
Item 2 = Quantity discharged, thousands of cubic feet per 
minute, selected from curve Fig. 1. 
Item 3 = Static head, inches of water, from curve Fig. 1, 
corresponding to Q. 
Item 4 == (Item 2)! 
Item 5 = (Item 3)! 
Item 6 = (Item 3)! 


be NO} 100 Item 4 
Item 7 = Specific Speed; NV, = = ———______-- 
ha Item 6 
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Dhi 72.625 & Item 5 
Item 8 = Specific Diameter; D,-—— = 
Q3 Item 4 


Item 9 = Specific Tip Speed; I’, = 


xaNsD, 2-X Item7 & Item8 


12 12 
Appenpix IIT 
Problems in Fan Selection 


It is required to select a type, speed and size of a fan to pr 
duce at least 25,000 cfm at a head of 4 in. of water at a good 


efficiency. The tip speed should not exceed 7000 fpm 
quietness, 
Solution: 

V’ 7000 


Maximum specific tip speed, 1°, = -= 3500 fpm 

hi 2 

From Fig. 5 it will be noted that types D and G are elimin 

ated from consideration because in these types specific tip speed 
is excessive. 

A comparison as indicated in Table 4 of the size, speed and 

tip speed at best efficiency for various types to give the r 


Table 3 


Specific Characteristic Computation Values. 


ITEM NUMBER 








| 2 3 4 5 6 7 8 
ora Q : h Q h h \ D 

18.9 | 5.0 2.90 | 2.236 1.305 | 2.223 403 | 42.4 4470 
“36.2| 10.0 2.98] 3.162) 1.314 2.270 557 | 30.2 1400 
48.5. 15 0 3.00 | 3.873 1 316 2.281 679 47 1590) 
55.5| 200 | 2.96| 4.472| 1.312| 2.257| 793 | 21.3 0 
60.3] 25.0 292! 5.000| 1.307 2.235 895 | 19.0 150 
63 s | 30.0 2.89 5.477 1.304 2 218 987 | 17.3 7 
66.6 | 35.0 | 2.83| 5.915| 1.297| 2.183 1083 | 15.9 
“68.3 40.0 2.75 | 6.325 | 1.288| 2.136 1185 | 14.5 " 
68.7 | 45.0 2.58 | 6.710 | 1.267 | 2.035 | 1320 | 137 
66 2 50.0 2 29 7.071 | 1.230 1 861 1520 | 12 6 
61 3 | 55.0 1.39 r 415 | “1.172 | 1.612 | 1840 | 11.5 0 
54.1| 60.0 | 1.45| 7.746| 1.007] 1.312 | 2343 | 10 

13.6 65 0 0 96 | 8.060 | 0.990 | 0.970 | 3320 5.9 
“27.8| 70.0 | 0.50 8.367 | 0.841 | 0.595 5630 | 7 

6.5| 75.0 0.10] 8.660! 0.562 0.178 | 19470 4.7 
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quired quantity and head may be used to select the type. Use 
hi Q3 nDN 
N.— D=-D.—, VV = —, with 
QO} hi 12 
N. and Ds determined from curves of Fig. 6. 
Type B has the smallest diameter, 30.8 in. All the fans 
Types E and H 


the formulas N = 


will operate within the limit of tip speed. 
would have relatively large diameters. 
If the speed is limited to 600 or 720 rpm 








(25)3 (25)4 
N, = 600 ——— = 1060 or N, = 720 —= 1270 
(4)% (4) 
From Fig. 4: 
At N, = 1060 
A, 61 per cent efficiency 
B, 64 per cent efficiency 
C, 67 per cent efficiency 
At N, = 1270 
A, 50 per cent efficiency 
B, 65.5 per cent efficiency 
C, 62.5 per cent efficiency 
Fan C at 600 rpm, from Fig. 3. D, = 12.5, efficiency = 63 
per cent. 
Fan B at 720 rpm, D, = 8.1, efficiency = 65.5 ‘per cent. 
Fan C would have to be much larger than fan B by the 
12.5 
ratio ——. 
8.1 
If D were limited to 27 in. 
(4)4 27 X 1.414 
DD, = 37 ——_- = — ——— = 7.64 
(25)4 5 


Table 4—Comparative Fan Selection Values. 











Pan TyPE | A B Cc E H 

Beste | 65.7 | 67.2 | 68.5 | 588.0 | 71.5. 

Ns | 900 | 1180 | 900 a. 2...” 
DBD | us| 387 | wa | a0 | 4.0 
vy | 510 es =| 510 =| 328 «| 17% | 
D : 40.7 ‘ ~ 30.8— 50 2 | a —a7.8 ; 152 , 
| 5440 5390 “6700 | 6680 =|: «7000 





From Fig. 3: 
Fan B would be the only fan which would give a good 
efhciency 62 per cent. 


Appenpix IV 
Problems in Fan Application 


1. Given type of fan, O and h. To find size, speed and power 


required for best efficiency. 


a. From Fig. 4, Ns vs ¢ curve, find Ny, at best efficiency. 


b. From Fig. 6, Ns vs Ds curve, find D, corresponding to 
\. for that type of fan. 

¢. Solve for N and D from Ns and Dy functions. 

0.1573Qh 

d. Compute power from Q, h, and e P= —— 
ce 

2. Given type of fan, O and h. To find diameter, efficiency 

and power for a given speed. 

a. Compute VV, from N, function. 

b. From Fig. 4, Ny. vs ¢ curve, find efficiency. 

¢ From Fig. 6, N. vs D,, find corresponding D,. 

d. Solve for D from D. function. 


e. Compute power from Q, h, and e. 


%» ‘-1ven type of fan, O and hh. To find speed, efficiency and 
Power ior a fan with given diameter. 


a Compute D, from DPD, function. 


rom Fig. 3, D. vs e curve, find efficiency. 
find corresponding Ns. 


N; vs De 


Cc. From Fig. 6, 
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d. Solve for N from 
e. Compute power from Q, h, and e. 


4. Given type, diameter and speed. To find QO and /h at 
best efficiency. 


a. From Fig. 6, Ns vs Ds, find Ns and Dy at best efficiency. 


N D 


b. Solve for Q from fan law, ie. Q ={ — - 
N. dD, 


N ; D 
c. Solve foré from fan law, i.e. hk = { —— . 
N. Ds 


Interest in Wood Chemistry 





Attention being given today to the chemistry of wood was 
brought before the National Lumber Manufacturers Association, 
at its recent annual meeting, in an address by J. W. Watzek, 
Jr., retiring president. 

The Forest Products Laboratory of the VU. 
Madison, Wis., ceaselessly devotes its attention to the interest 
ing problems of the physical and chemical adaptation and con- 
version of wood to the multitudinous requirements of modern 
life. A fact which is drawing chemical research into the cellu- 
lose field is that trees and wood are spontaneously reproducible 


S. Forest Service, 


and, therefore, practically inexhaustible. 

The Forest Products Laboratory has not yet made wood gas 
a project, but it is advanced in the study of the extraction of 
ethyl alcohol from wood for fuel and power purposes. It is 
reported that ethyl alcohol can be produced today by known 
processes from cheap coniferous wood with a yield of 20 gal 
per cord and at a cost not exceeding 20c a gallon. This is of 
significance in the event of a depletion of petroleum supplies 
with a resulting increased cost for gasoline. 

Mr. Watzek, however, referred to gas produced directly from 
wood as the motor runs, and stated that it is this possibility of 
deriving power from wood and wood waste for the operation 
of both stationary and locomotive engines that has stimulated 
the research of governments and scientists in countries lacking 
in petroleum. 

The economic sanctions recently applied to Italy resulted in 
marked stimulation of the use of wood gas motors in that country. 
The self-containment policies of Germany have greatly increased 
the use of producer gas automobiles, and similarly in Austria. 
France has been developing the wood-gas engine for many years 
and has a number of trucks equipped with gas-producer ap- 
Extensive and successful trials were made in this coun- 
Operatively 


paratus. 
try of the French device as long as 5 years ago. 
the tests were successful, but the cheapness of gasoline in this 
country, in view of its superiorities over wood gas, has pre- 
vented its general introduction. 

Valuing wood at $6 a cord of 2,000 lb, and gasoline at 20c a 
gallon, it was found in one of the army tests that producer gas 
resulted in a cost of two-thirds of a cent per hour per horse- 
power as against a cost of two-and-one-half cents for gasoline. 
The wood gas apparatus can be used on a regular gasoline 
motor and in at least one of the tests the engine had both wood 
gas and gasoline carburetor attachments. In comparing gasoline 
and wood gas, it was found that gasoline produces more rapid 
acceleration and starts more easily than the wood gas. A cord 
of wood propels a vehicle for about 325 miles. One of the dis- 
advantages of the wood gas engine is that it takes several min- 
utes to start the generation of the combustible gas. Another is 
the space required for wood storage and the plant, and it does 
not have the pickup and quick get-away of gasoline. 

In the event that in the course of time petroleum supplies 
should become scarce and costly, and with the improvements that 
can be expected in the preparation and application of wood gas, 
the United States with its illimitable forests would be relatively 
as well equipped as now for internal combustion engine fuel. 











Performance Test of an Electric 





Hot Water Heating Boiler 


By John James* (MEMBER), New York, N. Y. 


LTHOUGH many designers of heating and air 

conditioning equipment have recognized for a 

number of years the meritorious features of a 
system incorporating electrical heat supply, little has 
been definitely accomplished in this field because of the 
high immanent operating charges. Design factors which 
have also tended to restrict this type of development 
have been the corrosion problem of the electric heating 
elements, and attempts to design a unit of high thermal 
efficiency. 

It is the purpose of this paper to discuss the features 
of an electric heating boiler which was recently designed, 
built and placed in a residence having a hot water radiator 
system and to report the test results of this unit over 
a limited period of operation. 


Description of Installation 


The electric boiler unit is connected to a heating sys- 
tem in a nine room residence having overall dimensions 
of 25 by 40 ft shown in Fig. 1 and located in Utica, 
New York. To provide suitable living accommodations 
for an additional family, the building had been recondi- 
tioned on the second floor. The exterior walls of the 
house are constructed of clapboard, sheathing, studs and 
plaster with no insulation. The second floor rooms are 
finished on the interior side walls and ceiling with rigid 
insulation. The home has a full basement constructed 
of concrete walls and floor. No weatherstripping is pro- 
vided for any of the windows and although storm win- 
dows are available on the east bedroom of the second 
floor, they were not placed in a closed position during 
the entire period of test. 

Previous to the installation of the electric unit a round, 
cast-iron sectional boiler heated the two-pipe gravity hot 
water radiator system. The cast-iron boiler was ar- 
ranged for burning coal using hand-firing with no auto- 
matic control equipment. The actual cast-iron radiation 
installed in the residence amounts to 505 sq ft. 

Heat loss calculations of the building based on values 
given in THe A.S.H.V.E. Guipe 1936 and as noted in 
Table 1 indicate that about 5 per cent more radiation is 
installed than actually required. Due to the fact that 
provisions were made later for heating the second floor, 
improperly arranged piping resulted in duplication of 
lengthy branch run-outs from the main flow and return 
piping located on the ceiling of the basement. However, 
this piping arrangement did not seem to impair the cir- 
culation of water to the several radiators. A large por- 
tion of the exposed piping in the basement is covered 
with 4-ply air-cell asbestos insulation. 

An exterior view of the electric and the cast-iron 


*51 Madison Ave., New York City. 





Fig. 1—View of residence at Utica, N. Y. 


boilers is shown in Fig. 2 indicating the general ar- 
rangement of connecting the new boiler to the present 
heating system. 


Description of Electric Boiler 


The design of the electric unit consists of two rolled 
concentric steel plates which are illustrated in Fig. 3 and 
arranged according to the cross-sectional diagram of 
Fig. 4. The unit is constructed so that a vacuum seal 
is provided between the two exterior shells, which com- 
pletely enclose the heating section of the boiler. A view 
of the boiler top and bottom cover showing the vacuum 
space is illustrated in Fig. 5. 


Heating Section 

A photograph of the five cast-iron round heating sec- 
tions is also indicated in Fig. 3. These sections are 3 in. 
square in exterior dimension and are made with a cored 
hole so that the walls of the element are approximately 
is in. in thickness. Pressed fit nipples are used for con- 
necting the sections and the entire group is compressed 
into place with two bolts extended and bolted through 
the two strap plates attached to the top and bottom ol 
the heating system. 


Electric Heating Elements 

The several electric heating elements are placed in 
direct contact with the inside and outside surfaces o! the 
heating section. Located in the inside and connected 
into one group are nine 500 watt (4.5 kw) element 
another group of fifteen 500 watt (7.5 kw) elements 's 
located on the outside surface, resulting in a tota! 
capacity for all the elements of 12 kw. When oth 
groups were connected to the 220 volt, 3 phase 
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Table 1—Calculated Heat Losses of Residence 


First Floor 


RRA 12,320 
te eee 6,192 
I as , Stretccawin de cas 9,747 
ted Room—west ......... 5,490 
eae Ca lakeoieniann es 2,507 
Bed Room—south ........ 4,858 
Bed Room—east .......... 5,814 46,928 


Second Floor 


Ea ee 7,670 
SE tiie ob wid Bad ak bee ae oi 2,500 
I PO |. . ccubasdien ss 12,650 
TE, sss neds onis aren 7,620 30,440 





77,368 Btu per hour Total 
Equivalent Cast Iron Radiation 
77,368 + 160 = 483 sq ft 
Installed Radiation 
re core 324 
Pe 181 


505 sq ft Total 
505 — 483 
——__—— = 4.6 per cent more installed radiation than calcu- 
483 lated heat loss according to values given in 
Tue A.S.H.V.E. Guipe 1936. 


of power supply, a meter test indicated that the elements 
had a capacity of 11.5 kw, thus indicating an appreciable 
line loss. A sheet metal casing holds the elements in 
position on the inside and outside surfaces, and further- 
more, this casing acts as a conducting and radiating shield 
for dissipating the heat to the several cast-iron heating 
sections. In Figs. 6 and 7 are shown two views of the 
heating section with the electrical elements attached. 
The power supply lead wires are indicated in a position 
ready for insertion in the inner steel shell. 

The unit is assembled so that connecting pipes to the 
two water outlets and inlets extend through the vacuum 
space with metal and fibre packing seals, thus reducing 
heat leakage from the interior space. Additional sealed 


openings from the inner space are provided for the two 
power supply wires and a small copper tube which is 
connected to the control equipment. 





ig. 2—Exterior view of electric boiler installation 








Fig. 3—View of outer and inner shells and heating 
section 


Vacuum Pump 

A vacuum in the sealed space is maintained with a 
small remotely located pump connected by a copper 
tubing to an outlet provided on the top of the outer 
boiler shell. The pump operates automatically over a 
range of from 15 to 20 in. Hg., and with a 15¢ in. bore 
and 13g in. stroke it has a displacement of 969 cu in. 
when operating at a speed of 340 rpm. The unit is belt 
driven from a 1/6 hp electric motor running at 1725 rpm. 


Control Equipment 

The control equipment for the unit is located at the 
top of the boiler as shown in Fig. 2. Arranged in the 
metal and glass encased cabinet are two typical sets of 
electrical contactors. A room thermostat located on 
the arch between the first floor living and dining rooms 
operates one set of contactors which control the group 
of 7.5 kw elements located on the outside surface of the 
heating section. <A limit control switch located on the 
outside of the contactor case controls the group of 4.5 kw 
elements inserted on the interior surface of the heating 
section. The control bulb for operating the limit control 
switch is located near the inside center of the round heat- 
ing section approximately equidistant from the top and 


Temp contro! outlet 
Water outlet 


Connection to 


Power supply 
\ vacuum pump 


Water outlet 





Electric 
heating 
element 





—_—Water inlets — 


Fig. 4—Cross-sectional diagram of boiler 
unit 










































Fig. 5—View of boiler top and 
bottom cover showing vacuum 
space and one heating section 


bottom. It is the function of the limit control switch to 
maintain a constant boiler water temperature and the 
room thermostat regulates the amount of additional heat 
generated to satisfy the inside temperature conditions. 


Testing Apparatus 


Indicating thermometers were provided for observing 
the boiler inlet and outlet circulating water temperatures. 
The limit control switch was provided with a tempera- 
ture scale for determining the inside boiler temperature 
as well as a pointer for adjusting the control setting. 
Several indicating thermometers were located at various 
points in the living quarters on inside walls and away 
from windows for noting indoor room temperatures at 
regular intervals. 

Outside temperatures were obtained from an auto- 
matic temperature recording instrument located on the 
premises of the local utility company’s plant, approxi- 
mately one mile from the residence. 

A watt meter was connected in the power supply to 
the unit for recording graphically the actual electrical 
input. Space divisions on the chart were of ample 
width to observe small variations in the input as well as 
the period of time elapsed for any particular load. The 
meter was supplied by the local utility company and 
was accurately calibrated before installation on_ this 
particular test. 





e i A 


Fig. 6—Top view of heating section with electric 
elements in position 
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Results 


On the morning of April 4, 1936, the conversic:: of 
the hot water heating system from the cast-iron coal ‘ired 
boiler to the electric unit was commenced. At noon the 
revised installation was accomplished and shortly there- 
after the power switch was turned on the cold heating 
system, which had been filled with 48 F water from the 
city main. When the electric boiler was started it was 
observed that the indoor temperature had dropped to an 
average temperature of 50 F and the corresponding out- 
side temperature was approximately 32 F. Frequent 
readings were recorded during the first few hours of 
operation and it was noted that it required about 3 
hours for the electric boiler to raise the indoor temper- 
ature from 50 to 73 F. 

Provisions were made at the start of the test to record 
the electrical input, but because of insufficient tempera- 
ture data the period of the tabulated results shown in 
Table 2 covers a group of 25 days from April 7 to May 
1, 1936. 

It was noted that after the switch was turned on the 
boiler at noon on April 4, the unit operated continuously 
without interruption during the period of test. 
of the fact that this boiler was the first experimental 
unit built from the initial design, it was considered that 
this record of continuous operation without any revisions 
or previous testing was of particular significance. 

Comfortable temperature conditions were maintained 
in the living rooms of the home over a 24 hour daily 
period during the complete test. Temperatures of ap- 
proximately 72 to 74 F were desired by the family on the 
first floor and the room thermostat was set to maintain 
these conditions. The fact that the occupants on the 
second floor opened windows to obtain comfort  indi- 
cated that a lower temperature was desired, which doubt- 
less accounts for a higher electrical input during the 
period of test than actually required for the resi- 
dence. On a basis of the recorded inside temperatures, 
the average temperature was calculated to be about 73 F. 


In view 





Fig. 7—Elevation view of heat- 
ing section showing metal shield 
over electric elements 
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At the termination of the 
test the graphic chart which 
recorded the electrical input 
was removed and analyzed 


Table 2—Test Results of Electric Hot Water Heating System 
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ELECTRICAL INPUT, KW HR PER DAY 





OUTSIDE TEMP DEG FAHR 


Fig. 8—Relation between electrical input and 
outside temperature 


just described would provide a basic value for establish- 
ing comparative power consumption relationships. 

In the last column of Table 2 are given the kilowatt 
hours per degree temperature difference day and in 
Fig. 9 are plotted these values against the basic factor. 
The shape of the curve corresponds in general to other 
curves showing the same relationship, indicating that 
erratic values of electric input per degree temperature 
difference day are obtained for small degree temperature 
difference days. 

As previously referred to in Table 1 the calculated 
heat loss of the building was determined to be 77,368 Btu 
per hour, or 1,030 Btu per hour, per degree difference 
inside to outside temperature, based upon a 75 F tem- 
perature rise. The total number of degree temperature 
difference days obtained from Table 2 was found to be 
645.2. Therefore, the estimated heat requirement for 
the 25 day period would be equal to 645.2 & 1030 « 24 
= 15,980,000 Btu. A summation of the electrical con- 
sumption for the same period of time totalled 3877 kwhr 
or 3,877,000 watthours, or the equivalent of 13,220,000 
Btu per hour. From these results it indicated that the 
estimated heat requirement averaged about 20.9 per cent 
higher than the actual heat requirements of the building. 
This value is recognized as a safe heat loss computation 
percentage difference, due to the indeterminate outside 
weather variables and heating-up load factors. This dif- 

1A Field Study of the Heat Requirements of a College Building, by 


F. E. Giesecke and W. H. Badgett, A.S.H.V.E. Journat Section, Heat- 
ing, Piping and Air Conditioning, June, 1936. 
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KW HR PER DEG TEMP DIFF DAY 


TEMP Day 





Fig. 9—Relation between electrical 

input per degree temperature dif- 

ference day and degree temperature 
difference day 


ference is also comparable to a value of 23 per cent which 
was recently presented in a paper’ to the Society. 

Records of the U. S. Weather Bureau show that the 
average temperature in Utica for the normal heating sea- 
son from October 1 to May 1 is approximately 35 F. 
Based on a normal design indoor temperature of 70 F the 
estimated number of degree temperature difference days 
in the heating season would be equivalent to (70—35) 
xX 210 = 7350. Using the total electric input for the 
25 day period, the kilowatt hours per degree temperature 
difference day is equal to 3,887,000 ~ 645.2 = 6.02. 
The estimated kilowatt hour consumption per heating 
season would be 7350 X 6.02 or 44,250. Using this 
value and the present electric rate or any probable future 
rate based upon a greater load demand, the estimated 
cost per heating season could be obtained. 

These estimates do not include the small power con- 
sumption of the pump which maintains a vacuum seal 
on the unit. Although no test data are available, it was 
observed by actual watch timing that the pump did not 
operate more than 10 min during a single day of opera- 
tion during the test. 

Sections of the chart record for electrical input are 
given in Figs. 10 and 12. The kilowatt hours per degree 
temperature difference day for the chart shown in Fig. 
10 is 6.03 which is equal to the average value for the 
25 day period and therefore is representative of an 
average condition. The average outside temperature Is 
31.7 F which is a few degrees lower than the average for 
the heating season thus showing operation of the unit 
on a cold day. It will be noted that the power consump- 
tion changes occur in close relationship to the rise and 





AVE. OUTSIDE TEMP=31.7 F 


Fig. 10 





ELECTRICAL INPUT= 248.8 KW HR 


Chart record of electric input to unit, April 8, 1936 
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Table 3—Summary of Tabulated Test Results 


Heat loss of building, Btu per hour = 77,368 

Heat loss of building, Btu per degree temperature difference in- 
side to outside = 1030 

Duration of test = 25 days 

Average inside temperature = 73 F 

Average outside temperature = 47.2 F 

Total degree temperature difference day = 645.2 

Estimated heat requirement = 645.2 X 1030 K 24 = 15,980,000 
Btu 

Total electric input = 3877 kwhr or 3,877,000 whr. 

Heat input = 3,877,000 * 3.415 = 13,220,000 Btu 

Excess estimated heat requirement over actual heat supplied 
15,980,000 — 13,220,000 = 2,760,000 Btu 
2,760,000 — 13,220,000 = 20.9 per cent estimated higher than 

actual requirement 

Kilowatthour per degree temperature difference day = 3,887,000 
+ 645.2 = 6.02 

Average temperature October 1 to May 1 for Utica, N. Y. = 35 F 

Estimated kilowatthour consumption per heating season: 
(70 — 35) X 210 = 7350 degree temperature difference days 
7350 X 6.02 = 44,250 kwhr Total 


Table 4—Daily Summary Load Steps from Graphic Electric 


























Input Chart 
HEATING ELEMENT—TIME IN MINUTES 
Low MEDIUM HicuH TOTAL 
DaTE Orr 4.5 Kwur| 7.5 Kwur | 12.0 Kwur MINUTES 
April 
7 10 547 158 725 1440 
8 28 184 3 1225 1440 
9 630 810 1440 
10 725 715 1440 
11 2 930 27 481 1440 
12 1036 76 328 1440 
13 1164 5 271 1440 
14 1106 6 328 1440 
15 3 1322 115 1440 
16 2 735 23 680 1440 
7 596 9 835 1440 
18 3 593 9 835 1440 
19 873 18 549 1440 
20 1106 10 324 1440 
21 3 893 14 530 1440 
22 467 82 891 1440 
23 979 461 1440 
24 847 593 1440 
25 1038 402 1440 
26 1232 3 205 1440 
27 1133 25 282 1440 
28 2 1438 1440 
29 595 845 1440 
30 1322 118 1440 
May 
1 1321 35 80 4 1440 
Totals 3291 20572 548 11589 36000 




















fall of the outside temperature as shown for the cor- 
responding day in Fig. 11. 

A mild day operation of the unit is exemplified in 
Figs. 12 and 13 where the average outside temperature 
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Fig. 11—Daily chart of outside temperatures, April 8, 1936 


is 51.5 F and the kilowatt hours per degree temperature 
difference day is 5.78. Little variation in the power 
requirements for this particular day will be observed 
with operation of the limit control switch maintaining 
sufficient heat energy in the inner electric elements to 
balance the heat losses of the residence. 


Summary 


It is recognized that the test results obtained over a 
limited period of 25 days on a unit of this design are not 
entirely conclusive nor are they in any way indicative of 
the thermal efficiency of the boiler. However, the fact 
that this electric boiler was installed in an actual house 
having few refinements of modern construction, and 
operated so as to maintain comfortable temperature con- 
ditions with a record of power consumption and related 
test data from which reasonable calculations and con- 
clusions were obtained, is some indication of its practic- 
ability. 

As a matter of fact, there were rather conclusive evi- 
dences observed which indicated that the actual power 





AVE. OUTSIDE TEMP=51.5 F 





Fig. 12 





ELECTRICAL INPUT=124.1 KW HR e 


Chart record of electric input to unit, April 15, 1936 
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Fig. 13—-Daily chart of outside temperatures, April 15, 1936 


consumption was probably higher than would have been 
normally required if the occupants of the residence had 
been informed of factors which influenced the final re- 
sults. For instance, if lower night temperatures had 
been maintained during a time coincident with open win- 
dows used for sleeping, lower power consumptions could 
have been obtained. Also the fact that it was impractical 
to attempt regulation of the open windows on the second 
floor, of course, had its contributing influences on the 
results. All of these factors had a tendency to increase 
the electrical input which was estimated from the test 
results to be 44,250 kwhr for a heating season in Utica, 
N. Y., and for a residence having a calculated heat loss 
of 77,368 Btu per hour. If a common type of insula- 
tion was applied to the exterior walls of the residence, a 
noticeable reduction in the electrical input could also be 
anticipated. 

In an annual report recently published by the Depart- 
ment of Lighting at Seattle, Wash., it was indicated that 
experiments over a period of 20 years have shown that 
electrical heating for the home will compete with other 
forms of heat if the rate is 6 mills per kilowatthour or 
less. Tests conducted on the electric boiler in the Utica 
residence partially confirm the Seattle experiments, but 
it should be noted in establishing cost comparisons for 
any other locality, from the results reported in this pa- 
per, that the present Seattle rate for the home is about 
7.5 mills per kilowatthour, and also that this territory 
has a smaller number of degree temperature days than 
Utica. Any future probable reduced electric heating rate 
for a locality similar to Utica is dependent upon sev- 
eral indeterminate factors of economics and load de- 
mands, but if a rate of 6 mills per kilowatthour was 
applied to the results obtained in this test, the esti- 
mated yearly heating cost would be 44,250 « $.006 = 
$205.50. 

It is not the intention of this paper to show any imme- 
diate prospect of other means of heating being replaced 
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by electric power, except in districts where the laiter 
is cheaper and the costs of the available fuels are com- 
paratively high. It should be stated, however, that the 
trend of electric cost is downward. 

From observations made during this test it was evi- 
dent that improved design refinements could be included 
in boiler units subsequently built. For example, the 
addition of a booster electric element could be coordin- 
ated to function in the control circuit and even out the 
wide fluctuations in power consumption. A _ vacuum 
check valve located near the boiler in the small copper 
connecting tubing to the pump would tend to minimize 
leaks, and maintain a higher uniform vacuum. If the 
metal shells enclosing the heating section were nickel 
plated, radiation losses would be reduced. 

Although this unit was designed and tested using a 
220 volt, 3 phase electric power supply, it should be 
noted that the heating elements may be designed for a 
220 volt, single phase circuit. 

Observations made in connection with this test suggest 
the following additional features of design that should 
be noted if additional experimental units are installed: 

1. Due to the small heat storage capacity of the five heating 
sections, localized heating is possible. (The heating sections 
have a total water capacity of 12 gal, whereas the capacity of 
the entire hot water heating system for this test was approxi- 
mately 125 gal.) 

2. With the electric heating elements not in direct contact 
with the water, no indication of corrosion or electrolysis was 
apparent. 

3. Possibility of operating unit fully automatic, and adapta- 
bility for steam generation with various types of air conditioning 
arrangements. 

4. Light weight of unit and adaptability for expansion of 
capacity. 

5. Maintenance reduced to a minimum and no fuel storage 
requirements. 

6. The appeal of clean operation and absence of customary 
chimney for heating unit. 
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Statistics on Air Conditioning Orders 

Statistics for the month of June on the value of 
orders booked for air conditioning systems and equip- 
ment have been released by the Bureau of Census, De- 
partment of Commerce, Washington, D. C. A survey 
of the figures included in this report indicates that from 
98 manufacturers in this particular field, that during the 
first six months of this year from January to June, a 
total of $20,416,446 have been booked and recorded 


ie ° ; : . ae ae 
from information supplied by the various ind lual 
manufacturers. The total value of orders report! by 
these same manufacturers during June, 1936, am ted 


to $4,336,636 as compared with $4,412,681 for May, 
1936. 





Buffalo Adopts Comfort Air 
Conditioning Standards 


ARIOUS chapters of the A.S.H.V.E., notably 

in Chicago, Los Angeles and Buffalo, have formu- 

lated comfort air conditioning application 
standards, covering minimum conditions of design 
and installation. 

The Western New York A.S.H.V.E. Chapter Code 
which follows is a typical illustration of local applica- 
tion standards. In the preparation of this particular ma- 
terial, the following Committee compiled the Code: L. A. 
Harding, Chairman, and Messrs. H. V. Alexander, M. 
C. Beman, A. A. Criqui, P. D. Freudenberger, C. J. 
Hamlin, V. P. John, Fred Kaiser, J. J. Landers, Theo. 
Messenger, Clarence Meyer, R. H. Mollenberg, J. J. 
Scanlon, Harry Schaefer, Herman Seelbach, N. E. 
Sheldon, John Smith, S. W. Strouse, and W. E. Voisinet. 


Comfort Air Conditioning Standards 


Foreword 

The sponsors of this Code have recognized the desirability of 
adopting various minimum requirements to be applied in the de- 
sign and installation of air conditioning systems. 

The object is primarily for the purpose of furnishing a guide 
to both the purchaser and vendor of equipment employed for the 
above mentioned purpose in keeping with acceptable practice in 
this particular field of engineering. 

The sponsors believe the adoption of the minimum requirements 
herein enumerated will serve, in a great measure, to protect the 
public against inadequate and improperly designed systems. 


1. Scope 


These standards are intended to set forth minimum require- 
ments for comfort air conditioning and are not to be construed 
as applicable to commercial air conditioning, limiting good prac- 
tice or preventing progress or invention in the art of air condi- 
tioning. 

The standards are intended to be applied only to systems pro- 
vided with mechanical circulation of the air. 


2. Definitions 


Air conditioning is the simultaneous automatic control of the 
(1) temperature; (2) humidity; (3) cleanliness; (4) distribu- 
tion and (5) quality of air within an enclosed area. 

The following definitions were prepared by a joint committee’ 
ot the A.S.H.V.E. and A.S.R.E. It is understood, wherever the 
terms given in bold face type are employed, they shall be con- 
‘trued as stated. 

a AN AIR CONDITIONING SYSTEM provides ventila- 
ton, air circulation, air cleaning and equipment for maintaining 
“mperature and humidity within prescribed limits. 

b. COMFORT AIR CONDITIONING provides ventilation, 
‘lr circulation, air cleaning and maintains temperature and hu- 
midity for the comfort of people. 

& COMMERCIAL AIR CONDITIONING provides venti- 


lation, air circulation, air cleaning and maintains temperature and 


humidity. ¢ , . 
‘umidity for the benefit of products or industrial processes. 
d. A UNIT is a factory-made, encased assembly of the func- 
i . 
Bont? Standard Method of Rating and Testing Air Conditioning 
Rae Code prepared by Joint Committee of American Society of 
il g Engineers, AMERICAN Society oF HEATING AND VENTILATING 
deen Refrigerating Machinery Association, National Electric Manu- 


lssociation and Air Conditioning Manufacturers Association, 
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tional elements, indicated by its name, such as air conditioning 
unit, room cooling unit, humidifying unit, etc. 

AN AIR CONDITIONING UNIT is a specific air treat- 
ing combination consisting of means for ventilation, air circula- 
tion, air cleaning and heat transfer with control means for main- 
taining temperature and humidity within prescribed limits. 

f. A COOLING AIR CONDITIONING UNIT is a specific 
air treating combination consisting of means for ventilation, air 
circulation, air cleaning and heat transfer with control means for 
cooling and maintaining humidity within prescribed limits. 

g. A HEATING AIR CONDITIONING UNIT is a specific 
air treating combination consisting of means for ventilation, air 
circulation, air cleaning and heat transfer with control means for 
heating and maintaining humidity within prescribed limits. 

h. 
consisting of means for air circulation and cooling within pre- 
scribed temperature limits. 

i. A HEATING UNIT is a specific air treating combination 
consisting of means for air circulation and heating within pre- 
scribed temperature limits. 

j. A HUMIDIFYING UNIT adds water vapor to and cir- 
culates air in a space to be humidified. 

k. A DEHUMIDIFYING UNIT removes water 
circulates air in a space to be dehumidified. 

l A SELF-CONTAINED AIR CONDITIONING OR 
COOLING UNIT is one in which a condensing unit is com- 
bined in the same cabinet with the other functional elements. 

m. A FREE DELIVERY TYPE UNIT takes in air and dis- 
charges it directly to the space to be treated without external 
elements which impose air resistance. 

n. A PRESSURE TYPE UNIT is for use with one or more 
external elements which impose air resistance. 

AN AIR HEAT INTERCHANGER effects a transfer 
of heat between air and a heating or cooling medium. 
3. 


e. 


A COOLING UNIT is.a specific air treating combination 


from and 


0, 


Design Temperature Conditions 


Temperature: All temperatures stated in this Code are 
Fahrenheit scale. 

a. Winter Season: 

Outside air 20 F above the lowest official recorded dry-bulb 
temperature. 


For Buffalo = 0 F. 

Inside air 70 F dry-bulb 3 ft above floor line with humidifying 
apparatus designed to provide a minimum of 35 per cent relative 
humidity. 

(A room relative humidity of 35 per cent with 70 F dry-bulb 
will cause moisture precipitation on single windows when out- 
side air is below 30 F dry-bulb.) 

b. Summer Season: 

Outside air 95 F dry-bulb with 75 
39 per cent relative humidity). 

Inside air 80 F dry-bulb 3 ft above floor line with 67 F wet- 
bulb (approximately 50 per cent relative humidity). 

Condensing water temperature shall, unless otherwise stated, 
be considered as follows : 


* wet-bulb (approximately 


ee, Se Es ae oncks eWdenae oenadaneeee 75 F 
SD EE NE haenae de cadneschedaneuceee 80 F 
eS No pabiwn keds eetewenadeunean 5 I 


4. Design Room Air Inlet Temperature and Air Distribution 
Summer Season: 
The design room air inlet temperature shall not be less than 


60 F for cooling and dehumidification when duct outlets are 








520 “Journal 9 Section 


provided with diffusion type grilles and not less than 65 F with 
cross bar type grilles. 

The velocity of air through the net face area of cross bar 
type grilles shall not exceed 350 fpm. 

Velocity through diffusion type outlets and grilles shall not 
exceed the velocities as recommended by the manufacturers of 
such outlets and grilles it is proposed to employ for the type of 
installation involved. 

The air distribution in the conditioned room shall be such that 
the air velocity through the occupied zone (3 ft above floor 
line) shall not exceed 50 fpm and the air temperature maintained 
within this zone shall not vary more than 3 F measured at the 
same level. 


5. Design Heat Transmission Coefficients for Building Con- 
struction 

The coefficients to be employed are those given in the current 
edition of the Tue A.S.H.V.E. Guine, 

The design temperature difference to be employed for heating 
load (winter operation) for outside walls and roof construction 
shall be the difference between the design inside and outside air 
temperatures or 70 F plus 1 per cent for each foot of height above 
3 ft up to 20 ft above the floor level and the temperature below 
zero used for outside air conditions, The design temperature dif- 
ference for cooling load (summer operation) shall be 15 F. 

The design temperature difference to be employed for parti- 
tions between a heated and unheated space shall not be less than 
30 F and for partitions between a cool and uncooled space not 
less than 15 F. 


6. Design Sun Effect for Vertical Windows 

The assumed amount of solar heat entering a room from the 
sun’s rays impinging upon unshaded vertical windows and sky- 
lights glazed with ordinary glass shall not be less than the fol- 
lowing amounts for cooling load design purposes. 
Single sash, east and west walls...... 150 Btu per square foot per hour 
Single sash, south wall .............. 
Skylights (Horizontal) ............. 210 Btu per square foot per hour 


The design allowance for shading from sunshine shall be made 
only when the plans and specifications specifically show such al- 
lowance and when they give assurance that the owner is cognizant 
of the reduction in capacity on this account. See current edition 
Tue A.S.H.V.E, Guipe. 

If double sash windows are employed, the above amounts may 
be reduced by 40 per cent. 


65 Btu per square foot per hour 


7. Design Sun Effect for Roofs 

The assumed design minimum amount of solar heat entering 
a room through an unshaded roof for cooling load shall be esti- 
mated by adding 40 F to the outside design air temperature and 
calculating the heat transmitted in the manner indicated under 
the heading Design Transmission Coefficients for Building Con- 
struction. 


8 Design Sun Effect for Vertical Walls 

The assumed design minimum amount of solar heat entering a 
room through unshaded vertical walls for cooling load shall be 
estimated in the manner as indicated under the preceding heading. 
For east and west walls add 15 F to the outside air design tem- 
perature and 5 F for south walls. 

Note: No account of “Sun Effect” shall be taken in estimating 
design heating loads. 


9. Body Heat and Moisture Loss 

The design allowance for body heat and moisture loss for cool- 
ing loads shall not be less than the following amounts for 80 F 
dry-bulb room temperature. 


Per Person Per Person 


SEATED Licgut Work 
Room Arr 80 F pry-suLe At Rest or DANCING 
Sensible heat Btu per hour......... sate wc 238 240 
Latent heat Btu per hour..............:. ; 1668 424 
Moisture loss, grains per hour™.......... 11008 2800 


“For slight physical exertion (for example, typists) increase these 
amounts by 50 per cent. 
>] pound 7000 grains, 
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10. Design Infiltration and Outward Leakage of Air 


The minimum assumed design amount of outside air ente: a 
room by infiltration for winter heating design loads shall : ye 
less than the amounts estimated by employing the fo! ng 


tabular data: 
Winter Operation 


Asst 
No. ei 
CHANGES | NG 
Kinp oF Room or LvILpInG Prace Pex Hour 
Offices and/or Bedrooms, 1 side exposed...........+...045 
Offices and/or Bedroms, 2 sides exposed...............65. l 
Offices and/or Bedrooms, 3 sides exposed..............6+4.. 
Offices and/or Bedrooms, 4 sides exposed.............-0.. 
Rooms with no windows or outside doors...............404. 
ie idan chat atbnk PARE Aee ees eee Need ean wee 
Es ca kt cabana Ww eaeWem hata sentewemeeceas 
ES ere See ETT OTe Te eT Te Tee l 


on 6 slwida on ROWERS Teta eat hap bib en haane l 
occ Satta apaeeeat kt Wkbs Dake he heeeuseaeees 2 
Drug Stores, Cigar Stores, Restaurants, Cafeterias......... ) 
Dry Goods, Clothing Stores and General Merchandise Estab 
ei ce dah Ubed Mis 6S EN ROd SOS Ctbd ERR O0 obsess 0 1 
Churches, Theaters, Clubs and Public Assembly Halls..... | 


The minimum design amount of outside air entering a room 
by infiltration for summer cooling loads shall not be less than 
75 per cent of the amounts estimated by employing the preceding 
tabular data. 


11. Design Ventilation Air 

Specifications or proposals shall include a schedule of the num- 
ber of persons assumed for the occupancy of each room. 

Not less than 10 cfm of outside air per occupant shall be as- 
sumed to be drawn into the system for rooms in which the con- 
tamination of the air results entirely from the respiratory proc- 
esses of the occupants. 

For dining rooms, restaurants, cafeterias and smoking rooms 
not less than 20 cfm of outside air per assumed occupant. 


12. Design Minimum Quantity of Air to be Circulated 

The minimum design amount of air to be circulated through a 
room shall not be less than 30 cfm per assumed occupant. 
13. Design Load Calculations 

The following items shall be included in all estimates for air 
conditioning loads: 

Winter Operation (Heat to be supplied in space warmed). 

a. Heat transmission of walls, doors, windows, ceilings, floors 
and partitions. 

b. Heating of outside air entering room by infiltration, intro- 
duced by positive ventilation or independent air exhaust systems. 

Note: Employ either the assumed infiltration, the air removed 
by exhaust system, or introduced for positive ventilation, which- 
ever is the greater, and not the sum. 

No allowance shall be made for heat emitting sources within 
the room unless specifically mentioned in the proposal or speci- 
fications. 

Summer Operation (Heat to be extracted). 

Sensible Heat 

a. Heat transmission of walls, ceilings, floors, partitions, win- 
dows, etc. 

b. Solar heat. 

c. Heat from people. 

d. Heat introduced by artificial illumination, electrical appli- 
ances, gas appliances, resistance to air flow through apparatus and 


duct system and any other heat emitting source located within 
the conditioned room and not otherwise removed. Heat emitting 
appliances located under an exhaust hood connected wit! a [an 


exhaust system will be assumed to add a minimum of 50 per cent 


of the total heat emitted by such appliances to the roon sible 
heat load. . 
e. Heat introduced by outside air entering the room in- 
filtration, positive ventilation and due to independent ai! ust 
systems. (See note under Winter Operation, par. 2.) 
Vapor Condensation (latent heat ) 
ce 


f. Moisture from persons or any other vapor emitti 
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within the room not removed by an independent exhaust system 
and including the portion of vapor to be condensed from outside 
air entering by infiltration, ventilation and due to exhaust sys- 
tem. (See note under Winter Operation, par. 2.) 


14. Design Air Duct Capacity 

Provision shall be made in all installations for the recirculation 
of 100 per cent of the circulated air. 

Note: This provision is made for the purpose of economical 
operation prior to occupancy. 

Provision shall be made in all installations for the circulation 
of 100 per cent outside air. 


15. Minimum Sheet Metal Gages 

The following gages for panels shall be employed for all rec- 
tangular or square galvanized sheet metal constructed mains, 
branches and risers (except as otherwise noted) field fabricated 
casings or housings for heating or cooling coils, air filters, out- 
side air intakes and connections between air washers, heating and 
cooling coils, fans and air filters. 

This provision does not apply to factory assembled units. 

If panels are not cross-broken, two gage heavier material is 
to be employed. 

Concealed risers, single or double wall type, for residences 
run in partitions or outside walls may be constructed of bright 
tinned sheets of thickness of not less than No, 34 U. S. gage. 


Wr Ga.v’p SHEET 


Wiptu Duct In. U. S. Stranp. Gace Ls So Fr 
Up to 12 28 0.906 
13 to 30 26 1.156 
31 to 48 24 1,406 
49 to 60 22 1.406 
61 to 90 20 1.656 


If the duct has width or height of more than 24 in., there shall 
be transverse exterior braces for such surfaces not more than 
48 in. on centers. Where S cleats and drive cleats are used 
to connect ducts, formed angle cleats may be used in lieu of the 
stiffener angles. The same gages as specified above shall apply, 
for circular ducts of diameter corresponding to the given widths. 

Cooling coils to be provided with a water tight drip pan and 
drain connection. 


16. Air Filters 

Air filters shall be of sufficient capacity to handle all of the air 
circulated by the apparatus and to be selected and installed in 
accordance with the recommendations of the manufacturer. 
17. Controls 

Specifications and proposals shall clearly describe the functions 
to be performed by the various proposed automatic control devices. 
18. Insulation 

Air conditioning installations in which refrigeration is em- 
ployed shall have all chilled surfaces adequately insulated to pre- 
vent condensate forming on the outside surface of the insulation. 
19. Apparatus Rating 

Fans, air heating and cooling coils shall be rated in accordance 
with the provisions of the A.S.H.V.E. STaNpARD Test Cones. 
Motors to be rated in accordance with the provisions of the 
AJ.E.E. standard test code. Vapor compressors and vapor con- 
densers to be rated in accordance with the 4.S.R.E. Standards, 
20. Electrical Wiring for Motors 

Electrical wiring for motors shall comply with the Underwrit- 
ers rules and regulations. 
21. Piping and Plumbing 


The materials to be employed for the various classes of pip- 
mg required shall be fully described by the specifications and 


Proposal.. All pipe and fittings conveying water to be galvan- 
zed v. rought iron or steel, copper or brass. All pipe and fittings 
emploved to be of such wall thickness as will safely carry the in- 
<1 ressure imposed under the normal operation of the sys- 
em, 


‘lumbing to comply with local ordinances. 
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22. Refrigerating Apparatus 

a. A liquid receiver of sufficient capacity to store the entire 
operating charge of refrigerant shall be provided for all refriger- 
ating machines, except those types employing water vapor for the 
refrigerant. The condenser may also be employed to serve this 
purpose when so described in the specifications and proposal. 

b. All safety features of the installation shall comply with state 
and municipal laws or ordinances having jurisdiction. 

c. Apparatus such as evaporators, condensing units, expansion 
valves, etc. shall be installed with sufficient line valves and with 
proper fittings to permit efficient servicing or quick replacement 
of operating parts without exposing the interior of the refriger- 
ant-containing parts to air and moisture where such exposure 
would affect the system adversely, 


23. Minimum Capacity of Installed Equipment 


The installed air conditioning equipment and apparatus in- 
volved shall be provided with a rated capacity of not less than 
the estimated design loads as indicated under heading No. 13 De- 
sign Load Calculations to which the following percentages shall be 
added to the sensible heat load for cooling equipment (summer 
operation) to allow for the starting up load. 


DESIGN SENSIBLE DESIGN SENSIBLI 


HEAT COOLING HEAT COOLING 


Loap—Tons PERCENTAGE Loap—Tons PERCENTAGE 


REFRIGERATION® TO BE ADDED REFRIGERATION® TO BE ADDED 


0-1 25 10-14 12 
2-4 22 14-16 10 
4-6 18 16-20 8 
6-8 16 20-25 6 
8-10 15 25 and above 5 


*Ton Refrigeration 12,000 Btu per hour. 


If heating boilers are included the installed maximum rated 
boiler output capacity shall not be less than the output as deter- 
mined by the A.S.H.V.E. Cope or MINIMUM REQUIREMENTS, 


24. Noise Control 


Until such time as the A.S.H.V.E. adopts standards for noise 
control and its measurement the maximum velocities through 
outlet grilles as recommended by the manufacturer of such grilles 
for the type of installation involved shall not be exceeded. The 
fan and motor shall rest upon a sound deadening material. 


25. Guarantees 

a. Replacement guarantees covering individual equipment shall 
be limited to the recognized practice of the manufacturers’ asso- 
ciation of such equipment. 

b. Guarantees of performance, when required, shall be limited 
to stated capacities that are to be fully described in either the 
specifications or proposal or both. 

c. All operating temperatures and pressure conditions under 
which the guaranteed capacities are made shall be fully described. 

d. If a field performance test is required, the specifications 
shall fully describe, in detail, the acceptable methods and appa- 
ratus to be employed in making the necessary measurements for 
the following items that may be applicable; temperatures, pres- 
sures, air quantity, steam quantity, water quantity, resistances and 
power requirement. 

e. The purchaser to reproduce the conditions under which 
the cooling load was originally estimated within 10 per cent of 
both the sensible and latent heat loads at the time of test. 

f. The following procedure for determining refrigeration ton- 
nage in field tests of air conditioning equipment to be considered 


acceptable : 
H = 1.65 (He — Hm). 
Where 
He = heat removed by condensing water, Btu per hour. 
Hm = heat equivalent of power input to compressor, Btu per hour. 
H = heat absorbed by evaporator, Btu per hour. 
1.05 = allowance factor to cover estimated heat removed from com 


pressor, condenser and piping by radiation and convection. 
T H/12,000, 
Where 


T = tonnage, 1 Ton 12,000 Btu per hour. 








A Bigger Program to 
Meet Research Needs 


NGINEERS engaged in heating, ventilating and 

air conditioning find that the lack of fundamental 

data is a severe handicap to the development and 
growth of their profession and they also recognize the 
fact that research by an unbiased technical organization 
is the only successful way of obtaining essential, authori- 
tative information. 

As research has been a major activity the 
A.S.H.V.E. for 15 years the scope of its work can be 
visualized by reference to the TRANSACTIONS, where de- 
tailed reports on the work done in the Pittsburgh Lab- 
oratory and in cooperating universities and colleges 
show definitely that something worth while has been 
created for the benefit of the profession and industry. 

The research sponsored by the Society has involved 
the expenditure of over a half-million dollars and the 
facts that have been established are the foundation of 
engineering practice in the field today. Because the re- 
sults of research are often slow in finding their way into 
practice, many of those making commercial and practical 
use of the Society's research findings are not even cog- 
nizant of their source. 

Typical of the work done by the Society in various 
phases of heating, ventilating and air conditioning are 
the following : 


of 


1. The Society’s studies on air conditions and their relation 
to the of the rests the 
present acceptance and practice of The estab- 
lishment of the comfort zone in terms of effective temperature 
through research at the Society’s Laboratory is now generally 


comfort man form basis upon which 


air conditioning. 


accepted as basic; the wide application of space cooling makes 
it imperative that further work on comfort studies be done in 
this field. 

2. Standardization of pipe sizes for steam and hot water 
heating systems. 

3. Investigations of heat transfer through building materials, 
contributing to standardization of heat transfer coefficients from 
a condition of many variable sources of data to a condition where 
a commonly accepted set of values is now universally used. 
Transmission coefficients for a great variety of building mate- 
rials have been established the of at 


laboratories, including that of the Society, which are used every 


on basis studies various 
day. 

4. Surface coefficients in relation to wind velocity have been 
established on a sound basis. The development of the Nicholls 
heat flow meter has assisted immeasurably in the study of actual 
heat losses from buildings. 

5. Many codes of performance have been standardized, in- 
cluding those of heating boilers, blowers, unit heaters, air clean- 
ing devices, radiation, and their development has involved some 


research, 


522 





W. A. Danielson 


Chairman, Committee on Research 


There is much more that must be accomplished. The 
demand for facts continues and the Committee on 
Research has organized Technical Advisory groups to 
undertake investigations on a wider scale than has been 
attempted previously. These projects are being assigned 
to the Pittsburgh Laboratory and to cooperating insti 
tutions as rapidly as funds become available. Further 
financial support must be forthcoming for the successful 
study of the following projects which are of the greatest 
importance to the profession and industry: 

1. Air conditions in relation to comfort. 

2. Air conditioning in the treatment of diseases. 

3. Atmospheric impurities and resulting safety and he: 
requirements. 

4. Comfort requirements of summer cooling. 

5. Corrosion in heating and air conditioning systems 


. & 
Vice-Chairman, 
Committee on Research 


Lew is 
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G. L. Larson 


President, A.S.H.V.E. 


6. Air distribution within an enclosure. 
7. Frictional resistance to air flow in small ducts and 


fittings. ie 
8. Heat transfer of finned tubes with forced air circulation. 


9. Heating and cooling requirements of buildings. 

10. Refrigeration in relation to air treatment. 

11. Sound and relationship to heating and ventilation. 

12. Direct and indirect radiation performance with gravity 
air flow. 

There are needed, for 
example : 

1. Experimentation to determine the proper size of steam 


many more investigations 


pressure reducing valves for different pressure drops. 

The practical limitations of air velocity and difference 
i temperature between room temperature and air delivery tem- 
perature in the use of unit ventilators in heating and ventilating 
schoolrooms. 


F. C, Houghten 
Director, A.S.H.V.E. 


Research Laboratory 
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3. The proper method and place of introduction of cool air 
introduced in any room for room cooling with a study of the 
safe limits of difference in temperatures between the room and 
incoming air. 

4. A standardization of the calculated drop in temperature 
through a radiator in a forced circulation hot water heating job. 

5. A study of the simplest and lowest cost low pressure 
steam and hot water heating jobs that can be safely installed 
in low cost homes. 

6. Forced hot water circulation systems with small pipes 
need further study. 

7. Studies to determine the effectiveness of commercial in- 
sulations against the flow of heat either into or out of buildings 
through walls, ceilings and roofs. 

8. Comparisons of pressure losses in radius and square bends 
in duct work at different air velocities. 

The Society’s research organization is ready to pro- 
ceed with these and many other projects. 

To do some of the work in 1936-37, a goal of $100,000 
has been set by the Research Finance Committee and 
the feeling is that the profession and industry will re 
spond wholeheartedly because it has been demonstrated 
that cooperative research finds the facts and is a worth 
while investment. 





Third World Power Conference 


The Third World Power Conference will be held in Washing- 
ton, D. C., Sept. 7-12. 
(1) general sessions in Washington to discuss engineering topics 


The program is divided into two parts, 


of importance, and (2) study tours .to industrial centers. 

An imposing program has been arranged and the American 
National Committee has completed arrangements for handling a 
large attendance at the various sessions. The conference is 
sponsored and financed jointly by the U, S. Government and the 
electrical industry of the country. 

American Engineering Council has accepted the invitation of 
the officials of the Third World Power Conference to sponsor 
that part of its exhibition designed to give delegates from other 
countries a comprehensive understanding of the number, sizes and 
purposes of the national, state and local engineering organizations 
in the United States and the objectives and facilities of the func 
tional organizations or instrumentalities for united action sup 
ported by engineering organizations. 

With the assistance of the Founder Societies and the other 
functional organizations, the American Engineering Council is 
preparing a limited number of souvenir brochures to be pre- 
sented to the delegates from other countries to the Third World 
Power Conference. The brochure will memorialize the Engineers’ 
Exhibition, provide a complete list of the engineering organiza- 
tions of the United States, and indicate the membership of each 
organization including citizens and residents of foreign countries. 
Appropriate statements in the brochure will relate the several 
branches of engineering to the power industry and to the utiliza- 
tion and conservation of power resources. 

A personal greeting will be extended to all delegates by an 
Engineers’ World Power Conference Committee and members of 
the staff of American Engineering Council will be in attend- 
ance to welcome engineers from other countries and to help them 
make desirable contacts and otherwise enjoy their visit to the 
United States. All engineers, engineering organizations and their 
instrumentalities are invited to attend the Third World Power 
Conference and to cooperate in an intensive effort to have our 
guests from other countries carry a better understanding and 
appreciation of engineers, engineering organizations and their 
allied activities home to their friends and associates. 

For the A. S. H. V. E. Pres. G. L, 
official delegates, First Vice-Pres. D. S. Boyden, Boston, and Lt. 
Col. W. A. Danielson, Washington, D. C., Chairman of the 
Society’s Committee on Research, 


Larson has appointed two 

















Study Courses in Heating, Ventilating 
and Air Conditioning 


tional information is obtained supplementary tables will 


UE to the many requests for information relative 


to instructional courses offered in heating, ven- 


tilating and air conditioning, inquiry was made 


to the registrars of over 100 universities, colleges, and 


technical schools requesting an outline of courses offered 
in these subjects for the years 1936-37. From the data 


submitted by the various institutions the following in- 


formation was tabulated for quick reference. 


As addi- 


be published. 
It should be noted that several of these schools 
courses in heating, ventilating and air conditioning 


connection with 


a full 


undergraduate 


vive 
in 


program in 


mechanical engineering, and in some instances graduate 
school instruction is offered for those desiring to special- 


ize in this field of engineering. 


Information is also given 


for those individuals desiring evening instruction or cor- 
respondence courses. 


Universities, Colleges and Technical Schools Offering Courses in Heating, Ventilating and Air Conditioning, 1936-37 










































































































































































Regis- 
NAME ADDRESS INSTRUCTORS oten SESSION FEE SUBJECTS REMARKS 
te 

EAST ‘ : , . 

Carnegie Institute of Technology Pittsburgh, Pa. C. M. Humphreys Sept. 25 | Day $300 per year Basic Thermodynamics, 4-year Mech. Engr. Option 
Plumbing, Heating, Venti-| in Plumbing, Heating, Ven- 

lating : tilating, beginning Soph. yr. 
Oct.5 {Evening $35-$40 per yr. |Basic Thermodynamics, —_ {Courses leading to Certificate 
Plumbing, Heating, Venti-| and Degrees 
lating, Air Conditioning 

Clemson Agricultural College Clemson, 8. 3c, D. H. Shenk Sept.9 | Day Regular Tuition |Basic Thermodynamics, Heat-|Option in Mech. Engr 
ing and Ventilating Courses 

( ‘ollege City of New | York New York, N. a "| F. F.W. Hanburger Sept. 21 |Evening $27.50 Heating and Ventilating Presented it in connection with 

Architecture and Building 
Construction Courses 
Columbia Technical Institute Washington, D.C. |Malcolm Hickox Sept. 15 |Evening and Tuition fee Heating, Ventilating and Air Option in Mech. Engr. and 
8. L. Richmond Correspondence Con itioning one-year Certificate Course 
( ‘olumbia University New York,N.Y. |R.W. Waterfill Sept. 21 |Evening $20 per course Elementary and Advanced |Presented in School of Archi- 
C. A. Bulkeley Coursesin Air Conditioning} tecture 

Connecticut State Cullege Storrs, Conn. W. L. Edel Sept. 15 Day Regular Tuition | Basic Thermodynamics, Heat|Coursesin Mech. Engr. 
Engineering 

Cornell University Ithaca, N. Y. F.C .E llenwood Sept. 28 | Day Regular Tuition |Basic Thermodynamics, Air/Graduate Courses and Re- 

Cc. 0. Mackey Conditioning,Refrigeration| quired or Optional in 
Mech. Engr. 
Drexel Institute of Technology Philadelphia, Po. E. . J. Berllet Sept.8 |Evening Regular Tuition |Basic Thermodynamics, Air|Diploma Course in Mech. 
J. H. Rushton Conditioning Engr. 

Georgia School of Technology Atlanta, Ga. R. 8. King Sept.15 |Day and Evening [Regular Tuition | Basic Thermodynamics, Heat-|Presented in Mech. Engr 
ing, Ventilating, Refriger-| Course 
ation 

Harvard University Cambridge, Mass. |C. H. Berry Sept. 28 | Day Regular Tuition {Basic Thermodynamics, Heat-|Graduate Courses and Re- 

F. R. Ellis ing, Ventilating, Air Con-| quired or Elective in Mech. 
C. P. Yaglou ditioning Engr. 

Herkimer Institute New York,N. Y. |J. L. Blackshaw Day and Evening [Tuition fee Air Conditioning and Refrig- 
eration 

International Correspondence Schools|Scranton, Pa. B. B. Mahon Correspondence Course fee Air Conditioning 

Lehigh University Bethlehem, Pa. E. H. Jennings Sept.21 | Day Regular Tuition | Basic Thermodynamics, Heat- Required and Elective in 
ing, Ventilating, Air Con-| Mech. Engr. 
ditioning 

Massachusetts Institute of Cambridge, Mass. | James Holt Sept.21 | Day Regular Tuition |Basic Thermodynamics, Heat- Graduate Ce ourses and Re- 

Technology ing, Ventilating, and Air| quired or Elective in Mech 
Conditioning Engr. 
Massachusetts University Extension Boston, Mass. J. A. Moyer Correspondence Course fees Air Conditioning 
vision 

Newark College of Engineering Newark, N.J F. D. Carvin Sept.14 |Day and Evening /|$30 Heating and Ventilating Senior Mech. En ngr. ( 

New York University New York,N.Y. |M.C. Giannini Sept.8 |Day and Evening [Regular Tuition Basic Thermodynamics, Heat-|2-year ( ‘ertificat mn 
ing, Ventilating, Air Con-| and Graduate ‘ in 
ditioning Mech. Engr. : 

Pennsylvania State ( ollege State C ‘ollege, Po. H. A. Everett Sept. 10 |Day Regular Tuition |Basic Thermodynamics, Heat-|Required Cours: Meek 
ing and Ventilating Engr. 

Poly technicInstitute of Brooklyn ([Brooklyn,N.Y. |John James Sept.18 |Evening $35 persemester |Basic Thermodynamics, Heat-|Elective Course Mech 
ing, Ventilating, Air Con-| Engr. 
ditioning as 

Pratt Institute Brooklyn,N.Y. J. W. Hunter Sept. 15 [Day and Evening {RegularTuition |Basic Thermodynamics, Heat- Required and Elec: :, 
ing, Ventilating, Air Con-| Engr. Course 
ditioning dod 

Rensselaer Polytechnic Institute Troy, N. Y. E. A. Fesse nden Nov. I Day “ ae Regular Tuition |Basic Thermodynamics, Heat-|®enior Course in M 
ing, Ventilating, Air Con- 
ditioning "a 

Rutgers University New Brunswick, [Sert. 15 Correspondence $25 per course Heating, Ventilating, Air 

N.. Conditioning - 
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_ i8- 
tration | 
NAME ADDRESS INSTRUCTORS Date SESSION FEE SUBJECTS | REMARKS 
Stevens Institute of Technology Hoboken, N. J. E. H. Fesandie Sept. 22 | Day Regular Tuition | Basic Thermodynamics, Heat-|Graduate Courses and Re- 
J. 1. Yellott ing, Air Conditioning, Ven-| quired or Elective in Mech. 
tilating — 
University of Delaware Newark, Del. R. L. Spencer Sept. 15 | Day Regular Tuition | Basic Thermodynamics, Heat- Presented in Mech. Engr. 
ing, Ventilating, Air Con-| Courses 
ditioning 
Taiversity of Florida Gainesville, Fla. _|N. C. Ebaugh Sept. 15 |Day Regular Tuition {Basic Thermodynamics, Heat-|Required and Elective Mesh. 
ing, Ventilating, Air Con-| Engr. Course 
ditioning 
University of Maryland College Park, Md. |R. 8. Dill Sept.17 | Day |Regular Tuition | Basic Thermodynamics, Heat-|Presented in Mech. Engr. 
ing, Ventilating, Refrigera-| Courses 
tion 
University of New Hampshire Durham, N. H. E. H. Stolworthy Sept.15 |Day |Regular Tuition e Thermodynamics, Heat-|Required Mech. Engr .Course 
| ing, Ventilating | 
University of Nortb Carolina Raleigh, N.C. L. L. Vaughan Sept. 15) Day |Regular Tuition | Basic Thermodynamics, Presented in Senior “Mech. 
F. B. Turner | Heating, Air Conditioning,| Engr. Course 
| Refrigeration 
Correspondence $7.50 Course | Air Conditioning | Extension Division 
University of Pennsylvania Philadelphia, Pa. |W. A. Sloan Sept. 28 | Day Regular Tuition |Basic Thermodynamics, Heat-| Presented ‘in Mech , Engr. 
| ing, Ventilating Course 
Villanova College Villanova, Pa. J.8. Morehouse Sept. 15 | Day Regular Tuition | Basic Thermodynamics, Heat-|Required. Senior “Course in 
ing, Ventilating, Air Con-| Mech. Engr. 
ditioning 
Virginia Polytechnic Institute Blacksburg, Va. J. 1. Clower Sept.15 | Day Regular Tuition | Basic Thermodynamics, Heat- Presented in Mech, : Engr. 
ing, Ventilating, Air Con-| Course 
ditioning 
Wentworth Institute Boston, Mass. M. G, Noles Sept.21 |Day and Evening [Regular Tuition |Air Conditioning \Certifieate Course _ tet 
West Virginia University Morgantown, J.B. Grumbein Sept.15 | Day Regular Tuition | Basic Thermodynamics, Heat-|Presented in ‘Mech . Engr. 
W. Va. ing and Ventilating Course 




















Worcester Polytechnic Institute Worcester, Mass. 


R. P. Kolb 


|Regular Tuition | Basic Thermodynamics, Heat-|Presented in Mech. Engr. 
| ing, Ventilating | Course 


\Sept. 28 [Day 





Yale University New Haven, Conn. 


L. E. Seeley 





CENTRAL 


Arkansas State College |State College, Ark. 


a H. Brown 





Armour Institute of Technology Chicago, Ill. 


Le Roy Shields 
H. N. Nachman 











1 Sept.21 | Day and Evening 
| 








Case School of Applied Science Cleveland, Ohio G. L. Tuve 
C. A. McKeeman 
W. T. Hooper 
Albert Pelletier 


| 
Chicago Technical College a Ill. 








David Ranken Jr. |St. Louis, Mo. 





Fenn College acre Ohio 


Vincent Eaton 





Kansas State College ‘Manhattan, Kan. 


A. J. Mack 
B. B. Brainard 















































.21 | Day |Regular Tuition | Basic Thermodynamics, Heat-|Graduate Courses and Re- 
| ing and Air Conditioning quired or Elective Mech. 
Engr. 








Refrigeration and Air Con-|Course in Engineering 
| ditioning 


| 


Sept.7 |Day |Regular Tuition 
| 














Required in Mech. Engr. 


| Regular Tuition Basic Thermodynamics, Heat- 
Course 


Sept. 28 | Day and Evening 
| | ing, Ventilating, Air Con- 
| ditioning 














‘Regular Tuition | Basic Thermodynamics, Heat-| 
| ing, Ventilating, Air Con- 


| Air Conditioning Short Course, four to nine 
| months 


Mech. Engr. Course 





ditioning 











|Sept.8 | Day, Evening, Course Fees 
| Correspondence 





| > 
|Course Fees 





- —-- . 
| Air Conditioning Course, one to three years 





Sept.8 Day and Evening 








Evening ‘$31 Elementary |Elementary and Advanced] 
| $18.50 Advanced | Air Conditioning 





Sept. 23 





|Regular Tuition ‘Basic Thermodynamics, Heat-|Required and Elective | in 4 


Sept. 14 |Day 
Air Con-| Mech. Engr. Course 
| 








































































































Sept.21 | Day . _—— 
| ing, Ventilating, Air Con-| quired or Elective in Mech. 


| ing, Ventilating, 
| ditioning 
Lewis Institute \Chicago, Ill. V. L. Sherman Sept.21 |Day and Evening | $25 per term |Air Conditioning, Refrigera-| oy aera ee 
Mr. Bodinus tion 
MeKim Technical Institute Akron, Ohio |Day and Evening ($175.50 | Refrigeration and Air Con-|\Combined Couns i 
| ditioning 
——_ i a ner eg _ ae ae | a 
Michigan College of Mining and |Houghton, Mich. /|A. P. Young |Sept.24 | Day Regular Tuition | Basic Thermodynamics, Heat-|Elective in Mecb. Eng. 
Rcesieny ing, Ventilating Course 
Mississippi State College \State College, Miss. |R.C.Carpenter _[Sept. 15 | Day \Regular Tuition Basie Thermodynamies, Heat-|Required in Mech. Engr. 
| ing, Ventilating Course 
Ohio Mechanics Institute \Cincinnati, Ohio |J. T. Faig poeanitg |Heatin t, Ventilating, Air | ae 
| | Conditioning 
Ohio State College \Columbus, Ohio a. I. Brown \Sept. 15 [Dey Regular Tuition Basic Thermodynamics, Heat-| Required and Elective in 
| | ing, Ventilating, Air Con-| Mech. Engr. Course 
| ditioning 
Oklahoma Agricultural and Stillwater, Okla. lV. W. Young | Day |Regular Tuition | Basic Thermodynamics, Heat-| Offered in Architectural Dept. 
Mechanical College | | ing, Ventilating, Air Con-| and Mech. Engr. Course 
| ditioning 
Purdue University \Lafayette, Ind. |W. T. Miller ‘Sept. 12 | Day Regular Tuition | Basie Thermodynamics, Heat-|Graduate Courses and  Re- 
| | | ing, Ventilating, Air Con-| quired or Elective in Mech. 
| ditioning Engr. 
Refrig ration & Air Conditioning |\Chicago, Ill. |Correspondence and|$147 | Air Conditioning, Refrigera-| Following completion of the 
lestitute, Bas. Shop | tion, Heating, and Venti-| homestudy work, the stu- 
lation dentis given two weeks of 
| | laboratory and shop train- 
| ing at Chicago 
St. Louis Technical Institute St.Louis,Mo. — |O. W. Kothe |Correspondence —_|Course Fees Heating, Ventilating, Air | | 
| Conditioning 
Univer :ity of Akron ii |Akron, Ohio IF. S. Griffin \Sept.5 Day Regular Tuition | Basic Thermodynamics, Heat-|Course in Mech. Engr. 
ing, Ventilating | 
Univer ity of Ciniennati Cincinnati, Ohio c. A. Joerger |Sept. 21 |Evening 20 per year Heating and Ventilating \Alternate Course in Air Con- 
ditioning given 1937 
— wr | ge: oa age er - 
Univer. ty of Illinois Urbana, Ill. gaan |Regular Tuition | Basic Thermodynamics, Heat-|Graduate Courses and Re- 





ditioning | Engr. 





_ 
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NAME ADDRESS INSTRUCTORS 


Lexington, Ky. " 8. O'Bannon 





University of Kentucky 


U niversity of Louisville Louisville, Ky. 


| 


Minneapolis, Minn. 





Ur niversity of Minnesota 





F. B. Rowley 








Ime. Gray 


~-—- ——_——— 


University of Missouri Columbia, Mo. 





| 
University of Nebraska Lincoln, Neb. Soe E.  Reshe 


University of Oklahoma Norman, Okla. W. H. Carson 
| E. F. Dawson 
| 


Knoxville, Tenn. 


IC. E. Ferris 


U niversity of Tennessoe 





University of Wisconsin 


Madison, Wis. iG. L. Larson 





Washington University St. Louis, Mo. |E. L. Oble 





WEST é 
Agricultural and Mechanical ( —~ Station, C. W. Crawford 
College of Texas Texas 


\San ‘Luis Obispo, C. E. Knott 


California Polytechnic School 
| Calif. 
International Engineering Institute | 


Seattle, Wash. C. W. Parsons 


Oregon State C ellege |\Corvallis, Oregon | mS ’. Phillips 
| H. Martin 
E. C.W illey 


J = 2 —— 
}Pullman, Wash. 


State College of W eshingten Mr. Thornton 


| Tueson, Arizona 


U Iniversity of Arison P.M. Thornburg 


Un niversity of C ‘alifornia M. Woods 
B. F. Raber 
L. M. K. Boelter 


E | Berkeley, Calif. B. 


University of Colorado |Boulder, Col. S. L. Simmering 
| 


U aiversity of New Mexico Albuquerque, N. M.|M. E. Farris 


Santa Clara, Calif. 


U niversity of Santa C tere G. L, Sullivan 


|Los Anasien. alif. 


U niversity of Southern ( ‘alifornia T. T. Eyre 


University of Texas Austin, Texas Mr. Degler 


|Salt Lake Cc ity, 


E. H. Beckstrand 


U niversity of U tah 
| Utah 
| 
U eiversity of W ashington |Seattle, Wash. E. O. Eastwood 


CANADA 
Montreal Technical School 


|Montreal, Quebec 


Nova Scotia Technical College 


|Halifax, 
Nova Scotia 


U niversity of Manitoba 





| Winnipeg, Manitoba! 





|Toronto, Ontario 


University of Toronto 


| 


















































| 








Regis- 
| tration SESSION FEE SUBJECTS REMARKS 
Date 
Sept. 15. Day Regular Tuition Basic Thermodynamice, Required or Elective in \1 ch 
Heating, Ventilating, Air Engr. Course 
Conditioning 
|Sept.8 | Day Reg: ilar Tuition \Basic Thermodynamics, Heat-| Cou ourses in Mech. Eng 
ing, Ventilating, Air Con-| 
_ditioning 
[Sept. 21 Day Regular Tuition | Basic Thermodynamics, Heat- Graduate Courses a Re 
| ing, Ventilating, Air Con-| quired or Elective in Mech 
| ditioning Engr. 
Sept. 15 | Day Regular Tuition |Basic Thermodynamics, . Heat- Cc ourse in Mech. — 
ing, Air Conditioning 
|Sept. 15 Day Regular Tuition | Basic Thermodynamics, Re- Elective in Mech. Engr 
frigeration, Heating, Ven-| Course 
tilation 
Sept. 9 Day Regular Tuition Basic Thermodynamics, Heat-|c Gendieate Courses and Re- 
ing, Ventilating, Air Con-| quired or Elective in Mech, 
ditioning Engr. 
|Sept. 17 |Day Regular Tuition Basic Thermodynamics, Heat-|Reouired in Mech. Engr 
ing, Ventilating, Air Cen Course 
| ditioning 
\Sept. 21 Day and Regular Tuition | Basic Thermody namics, Heat- \Gradua ate Courses and Re- 
Correspondence ing, Ventilating, Air Con-| quired or Elective in Mech 
ditioning Engr. 
Sept. 21 | Day Regular Tuition Basic Thermodynamics, Heat- Ele: stive in Mech. Engr 
ing, Air C onditioning — Course 
Sept.21 | Day $50 per year Basic Thermodynamics, Heat-| Elective in Mech. Engr 
ing, Ventilating, Air Con-| Course 
ditioning 
| 3 | : « re ae “4 ta = — te < ~ 
| Day $20 per year Air © enditioning Two-year Course, Training 
for Installation ard Main- 
tenance 
Oct. 1 |Day, Evening, |$300 per year Air Conditioning 
| ¢ orrespondence $160 (Corres.) 
Sept.21 | Day [Regular Tuition |Basic Thermodynamics, Heat- Graduate Courses and Re- 
| ing, Ventilating, Air Con- quired or Elective in Mech 
| ditioning Engr. 
Sept. 21 | Day Regular Tuition |Basic Thermodynamics, Heat- Elective in Mech. Engr 
ing, Ventilating, Air Con-| Course 
ditioning 
"9 . 7 ee te ee ae 
Sept.14 | Day Regular Tuition | Basic Thermodynamics, Air| |Elective i in Meech. Engr 
( Conditioning Course 
Sept. 18 | Day Regular Tuition | Basic Thermodynamics, Heat-| eaduate Courses and Re- 
ing, Ventilating, Air Con- _ or Elective in Mect 
apo ditioning En 
|Evening $9 per person Fundamentals of Air Condi-| Pr, a by University Ex- 
ten mneotnge tioning tension in San Francisco 
Sept. 15 |Day Regular Tuition ‘| Basie Thermody namics, Heat Require di in | Mech. Engr 
| ing, Ventilating, Air Con-| Course 
ditioning 
Sept. 14 | Day Regular Tuition |Basic Thermodynamics, Air Optional in Mech. Engr 
| Conditioning Course 
Aug. 28 | Day Regular Tuition Basic Thermodynamics, Heat- Pr esonted is in Mech. Engr 
ing, Air Conditioning Course 
Sept. 16 | Day Regular Tuition “|Basie Thermodynamics, Heat- Required in : Mech. Engr 
| ing, Ventilating, Air Con-| Course 
ditioning 
Sept. 18 Day |Regular Tuition Basie Thermodynamics, Heat- Elective in Mech. 1 ng 
ing, Ventilating, Air Con-| Course 
ditioning © 
Sept. 28 | Day  iegular Tuition Basic Thermodynamics, Heat-|Reouired and Elective 
ing, Ventilating, Air Con-| Mech. Engr. Course 
ditioning — 
Sept.15 | Day |Regular Tuition Basic Thermodynamics, Heat- Required and Elect 
ing, Ventilating, Air Con-| Mech. Engr. Course 
| ditioning 
Sept.8 | Day [Regular Tuition (Heating, Ventilating, Air| Regular Technical Co 
Conditioning 
| Day [Regular TN 1ition /Heating, Ventilating 
Day Regular Tuition Heating, Ventilating, ” Air Course for Architect 
Conditioning Students 
Day |Regular Tuition Basic Thermodynamics, Heat- Prese nted in » Me ch. | 


ing, Ventilating, Air Con-| Course 


ditioning 
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Committee on Arrangements for the Society's 
Annual Meeting 


The personnel of the Committee on Arrangements for the So- 
ciety’s 43rd Annual Meeting to be held in St. Louis, January 
25-27, 1937, has been announced as follows: 

C. R. Davis, General Chairman. 

L. W. Moon, Vice-Chairman. 

k. J. Tenkonohy, Reception. 

P. W. Sodemann, Transportation. 

D. J. Fagin, Entertainment. 

G. W. F. Myers, Banquet. 

J. W. Cooper, Ladies. 

E. E. Carlson, Publicity. 

Cc. E. Hartwein, Finance. 

At a meeting in St. Louis on July 22, the Committee discussed 
plans for the entertainment of those who will be guests of the 
St. Louis Chapter, 

The headquarters for the meeting will be the Hotel Statler. 


Reorganization of Technologic Branch of 
Bureau of Mines 


The appointment of A. C. Fieldner as chief of the Techno- 
logic Branch of the United States Bureau of Mines, Department 
of the Interior, has been announced by Dr. J. W. Finch, director 





A. C. Fieldner 


of the Bureau. Mr. Fieldner succeeds O. P. Hood, who recently 
retired after a long period of service. 

Coincident with the appointment of Mr. Fieldner, the Bureau's 
Technologic Branch has been reorganized, so that the name of 
the Mechanical Division has been changed to the Coal Division 
and studies relating to the use of electrical and mechanical 
equipment in mines have been transferred to the Mining Division. 

The Experiment Stations Division has been discontinued, and 
the coal preparation section of the Experiment Stations Division 
and the experimental mine section of the office of the chief mining 
engineer have been transferred to the Coal Division, 

\ new Non-Metals Division has been created to take over the 
following technical sections of the discontinued Experiment Sta- 
tions Division: Fundamentals, Beneficiation, Processing, Utiliza- 
tion and Water. 
eafter supervising engineers of the various experiment 


stati is will report to the chief engineers of divisions as fol- 


the supervising engineer of the Pittsburgh Experiment 





a/ 


Station will report to the chief engineer of the Coal Division; 
the supervising engineers of the Minneapolis, Rolla, Salt Lake 
City, Reno, Boulder City, and Berkeley Experiment Stations will 
report to the chief engineer of the Metallurgical Division; the 
supervising engineers of the Tucson Experiment Station will re- 
port to the chief engineer of the Mining Division; the super- 
vising engineers of the New Brunswick, Seattle, and Tuscaloosa 
Stations will report to the chief engineer of the Non-Metals 
Division; and the supervising engineers of the Bartlesville, Lar- 
amie, and Amarillo Stations will report to the chief en®ineer of 
the Petroleum and Natural Gas Division. F. L. Hess, priritipal 
mineralogist, will report directly to the chief of the Technologic 
Branch. 

The names and titles of the division heads of the Technologic 
Branch are as follows: 


Cie, Ra a cs pad bvedéniakkad ce A. C. Fieldner, chief engineer 
ee a ee W. J. Huff, chief chemist 
RT DINOS 6 os be BSS weld a bude nar R. S. Dean, chief engineer 
NE ee ie eS C. F. Jackson, chief engineer 
Pe I nko cp ckeeseeiees ats 0. C. Ralston, chief engineer 
Petroleum and Natural Gas Division....... R. A. Cattell, chief engineer 


Mr. Fieldner, the new chief of the Technologic Branch, is a 
native of Ney, Ohio, and a graduate of Ohio Wesleyan Univer- 
sity and Ohio State University. Following some years of chem- 
ical and fuel engineering work with commercial companies, Mr. 
Fieldner entered the service of the U. S. Geological Survey in 
1907. On the organization of the Bureau of Mines in 1910, he 
was placed in charge of the fuel chemical laboratory at the Bu- 
reau’s Pittsburgh, Pa., Experiment Station. He was appointed 
supervising chemist of the Pittsburgh Station in 1919 and was 
made chief chemist of the Bureau in 1925, In 1927, he was ap- 
pointed chief engineer of the Experiment Stations Division. 

Mr. Fieldner was in charge of gas mask investigations for the 
Bureau in the World War period, later being commissioned as 
major in the Chemical Warfare Service. He developed Ameri- 
can methods of testing gas masks, and gas absorbents, and meth- 
ods of testing and analyzing coal, coke and gas. He had charge 
of research on ventilation of the Hudson River vehicular tunnel 
and was co-author of Ventilation of Vehicular Tunnels published 
in the A.S.H.V.E. JourNAL during 1926, as well as the author 


of numerous monographs and scientific articles. 


Survey Shows Public Sold on Air Conditioning 
But Doesn’t Know What It Is 


What the public thinks about air conditioning is indicated by a 
questionnaire sent to 10,000 people, the results of which have just 
been issued by the General Electric Air Conditioning Institute. 
The questionnaire was sent out anonymously. That the public’s 
knowledge of all the functions of air conditioning is fragmentary ; 
that most home owners have not yet considered it for their pres- 
ent homes; but that they would definitely expect it as a feature of 
any new home, were revelations which stand out in the survey. 

Only nine per cent were able to name six essential functions 
that identify real air conditioning. That the air is cooled was 
much the most frequently mentioned fact. For every 100 who spe- 
cified that function, only 82 knew that it warms air, 68 knew that 
it dehumidifies, 65 were aware that it humidifies, 46 had the 
knowledge that it cleans air, and only 40 knew that it circulates 
air. 

In answer to the question, “Have you ever thought of it for 
your present home,” 38% replied “yes,” and 51% “no.” Two per 
cent already have it. 

Asked, “If you were to buy a new home, would you expect it 
to be air conditioned,” 58% responded that they would, and 31% 
that they would not. 
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Furnace Code Committee Meets 


A two-day meeting was held at Purdue University, West Lafay- 
ette, Ind., July 31 and August 1, by the Code Committee of the 
National Warm Air Heating and Air Conditioning Association. 





From left to right, B. F. MeLouth, Dail Steel Products Com- 
pany, Chicago; Prof. A. P. Kratz, University of Illinois; Fred 
R. Bishop, Detroit, Brundage Company and American Air 
Filter Company; Jack Stowell, Chicago, Robinson Furnace 
Co.; W. D. Redrup, Majestic Furnace Co., Huntington; J. E. 
Maynard, Fox Furnace Co., Elyria, 0.; L. N. Smoot, Holland 
Furnace Co., Holland, Mich.; E. B. Langenberg, Langenberg 
Heating Co., St. Louis, Mo.; Prof. J. D. Hoffman, Purdue 
University, head of the practical mechanics department and 
chairman of the committee 


Those in attendance were Prof. J. D. Hoffman, Chairman; Prof. 
A. P. Kratz, B. F. McLouth, F. R. Bishop, Jack Stowell, W. D. 
Redrup, J. E. Maynard, L. N. Smoot and E. B. Langenberg. 


Technical Drawing 


Recognizing the phenomenal growth of technical knowledge 
characteristic of modern civilization and a corresponding develop- 
ment of drawing interpretations, a new book, Technical Draw- 
ing, by F. E. Giesecke, Alva Mitchell and H. C. Spencer, has 
been written to provide a source of information which may be 
used in instructional work. 

Originally the teaching of drawing consisted largely of provid- 
ing training to develop manual skill, but it is now recognized 
that this method of approach is no longer sufficient. In this 
text the authors point out the desirability of teaching the prin- 
ciples of technical drawing and the relation of drawing to the 
industries with examples intended to develop at least a fair de- 
gree of manual skill. 

It is not the intention of this book to provide a manual from 
which drawings may be copied step by step, but rather as a com- 
prehensive treatment of the science of technical drawing ar- 
ranged logically and containing a group of practical problems 
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which may be used in the development of this subject. 

The standardization project of American Standards Ass. . ia- 
tion for unifying drawing and drafting room practice has | cen 
referred to in this text and several of the recommended sym ols 
are included in the appendix. 


The introductory chapters in this book include a complete 
amplification of the instruments, materials, and technique used 
in the preparation of drawings. Recommendations for the guid- 
ance of individuals who are desirous of learning the various let- 
tering styles are outlined in several of the chapters. Other ma- 
terial which is included in this volume is as follows: projections. 
pictorial drawing, dimensioning, technical sketching, shading. 
patent office drawing, graphs, as well as architectural, structural 
and topographic drawing. 

This book is cloth bound, containing 564 pages, and may be ob- 
tained from the Macmillan Co., 60 Fifth Ave.; New York, N. Y.. 
for $3.00. 


Attends Inauguration 


J. H. Walker, chairman of the Society's Guide 
Publication Committee and superintendent of Central Heating 
for Detroit Edison Co., attended the inauguration of Dr. Dillman. 
the new President of the Michigan College of Mining and Tech- 
nology, as official representative of the A.S.H.V.E. 


On August 6, J. 


Returns from Alaskan Trip 


Col. W. A. Danielson, Chairman of the Committee on Re- 
search, has just returned to the United States from Alaska, 
where he visited Fairbanks, Seward, Juneau and some of ike 
remote U. S. Army posts. His tour of inspection will continue 


in various western states. 


Death of E. A. Glanz 


E. A. Glanz, president of Glanz and Killian Company, Detroit, 
Mich., died after a brief illness in Grass Hospital on Sunday, July 
19. Funeral services were held on Wednesday, July 22, with burial 
in Forest Lawn Cemetery. 

Mr. Glanz was a well-known heating, ventilating and plumbing 
contractor in Detroit and since 1920 had been president and gen- 
eral manager of his firm. He was born June 1, 1888 in Warsaw, 
Poland, of German parents arid came to the United States in 1906 
where he was employed as an apprentice. He was with C. H. 
Dean Co. twelve years and then started his own business in 1920 
in partnership with M. A. Killian and incorporated the business 
in 1924. Mr. Glanz was an active member of the Michigan Chap- 
ter of the Society and was prominent in heating, ventilating and 
plumbing activities in Detroit for many years. He was a member 
of the Master Plumbers Association, the Detroit Yacht Club and 
Red Run Golf Club. 

He is survived by his wife and two children to whom the Off 
cers and Council extend their sincerest sympathy. 











CANDIDATES FOR MEMBERSHIP 








The Constitution of the Society as now amended, requires the following mode of procedure in voting on applicants for mem<r- 
ship in the Society. Al applications for membership are to be sent to the Secretary and the names of applicants and their referc:-¢s 
shall be printed in the next issue of the JourNAL of the Society or sent to the members in other approved manner as ordered | 
Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 


mittee on Admission and Advancement as soon as possible. 


When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his ¢ 
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the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 33 
applications for membership have been received and the names of these men and their sponsors are published in the following list. 


Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn the Coun- 
cil, urge the members to assume their share of the responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 
duty of every member to promote. 

Unless objection is made by some member by Sept. 15, 1936, these candidates will be ballotted upon by the Council. Those 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES REFERENCES 
Proposers Seconders 
Parnes, H. P., Mer., Johns Manville Sales Corp., Kansas City, C. A. Weiss Carl Clegg 
Mo. David Caleb W. A. Russell 
Brum, Herman, Jr., Jr. Engr., Crawford, Inc., New Orleans, Arledge Stokes L. L. Hamig 
La. C. B. Gamble QO. E. Gammill, Jr. 
Bricutty, F, C., Jr., Vice Pres., Standard Galvanizing Co., Chi- FE. V. Hill G. L. Larson 
cago, Ill. A. H. Goelz O, W. Armspach 
srown, M. D., Mech. Draftsman, Northup & O’Brien Archts., C. A. Rueger, Jr. L. A, O’Brien (4./.A.) 
Winston-Salem, N. C. W. C. Northup (4./.4.) G. E. Brewer (Non-Member) 
Cuen, S. T., Director & Partner, American Engrg. Corp., Shang- R. T. Thornton E. E. Johnson 
hai, China. C. C. Cheyney Roswell Farnham 
Danretson, L. C., Sales Engr., Air Conditioning Co., Russell, W. F. Ryan H. J. Macintire (A.S.R.E£.) 
Kan. W. J. Scarlett H. G,. Strong (Non-Member) 
Dever, H. F., Mer., Minneapolis-Honeywell Reg. Co., Philadel- W. A. Danielson R. E. Backstrom 
phia, Pa. (Advancement). W. E. Kingswell Albert Buenger 
Estep, L. G., Design Engr., Kelvinator Corp., Detroit, Mich. W. G. Boales J. F. McIntire 
E. N. McDonnell G. D. Winans 
Goopwin, E. W., Sr., Mech. Engr., U. S. Treasury Dept. Wash- G. W. Barr C, V. Haynes 
ington, D. C. W. H. Carrier C. R. Place 
KawasE, Sumio, Chief Htg. Engr., Eizen Kyoku, Hsinking, Saito Shozo Kunitaro Fukui 
Manchoukuo. T. Kozu QO. O. Oaks 
KorHLer, C. S., Sales Engr., Minneapolis-Honeywell Reg. Co., A. J. Offner V. J. Cucei 
New York, N. Y. John Everetts, Jr. L. B. Miller 
KRAMINSKY, Victor, Managing Director & Chief Engr., Air J. R. Boyle J. M. Frank 
Cond. & Engrg., Ltd., London, S. W. 1, England. A, G, Sutcliffe B. L, Casey 
KuempeL, L. L., Mgr. Modutrol Div., Minneapolis-Honeywell F. B. Rowley G. D. Kingsland 
Reg. Co., Atlanta, Ga. (Advancement). C. E. Lewis L. B, Miller 
Larrotey, L. H., Asst, Engr., Canadian Pacific Rly., Montreal, W. U. Hughes G. H. Osborne 
Que., Can. G. L. Wiggs C. W. Johnson 
Leicunitz, R. W., Engr. & Estimator, Leichnitz Engrg. Co., B. V. McCune A. E. Rosenkranz (Non- 
Yakima, Wash, M. L. Bozelle (Non-Member) Member) 
Ray Johnson (Non-Member ) 
McCrag, G, W., Engr., John McCrae Mach. & Fdry. Co., Lind- M. F, Thomas M. S. Woollard 
say, Ont., Can. W. R. Blackhall H. H. Angus 
Messencer, T. I., Power Engr., Buffalo Niagara & Eastern Joseph Davis M. C. Beman 
Power Corp., Buffalo, N. Y. W. E. Voisinet L. P. Saunders 
Morris, J. A., Htg. Engr., The James Robertson Co., Ltd., Mont- G. L. Wiggs C. W. Johnson 
real, Que., Can. F, G. Phipps G. H. Osborne 
Murray, H. G, S., Sales Engr., Humidaire Co., Ltd., Montreal, G. L. Wiggs F. J. Friedman 
Que., Can. C. W. Johnson Leo Garneau 
Nee, R. M., Head of Engrg. & Utilization Div., Edison Elec. W. T. Jones G. D. Winans 
Illuminating Co. of Boston, Boston, Mass. D. S. Boyden J. H. Walker 
Netson, A. W., Mgr., Brockton Oil Heat, Inc., Sharon, Mass. A. C. Bartlett R. T. Pohner (Non-Member) 
J. F. G. Miller H. F. Tapp (Non-Member) 
Otpes, W. E., Draftsman & Designer, Dept. of Purchase, New Walter Fitzgerald (Non-Member) A. J. MacManus 
ork, N. Y. Ferdinand Sos (Non-Member) (Non-Member) 
; A. W. Barr (Non-Member) 
over, C. W., Engr., Henry Bartlett, Orlando, Fila. B. F. McLouth Henry Bartlett (Non-Member) 
p ee J. H. Van Alsburg James Danagh (Non-Member) 
, J. C., Air Cond. Engr., Canadian General Elec. Co., West- C. W. Johnson G. L. Wiggs 
‘ iount, Que., Can. Leo Garneau G. H. Osborne 
So" iMAN, S.C, Industrial Hygiene Engr., State Health Dept., J. A. Shanklin A. E. McClue (Non-Member) 


harleston, W. Va. J. A, Donnelly QO, J. Swisher (Non-Member) 








530 


Rupte, P. E., Htg. Contractor, Bradford Oil Burner Co., Brad- 
ford, Pa. 

SKLAREVSKI, Rima, Jr., Sales Engr., American Radiator Co., 
Baltimore, Md. 

Smiru, Stuart, Br. Mgr., American Radiator Co., Cincinnati, 
Ohio. 

Som merrietp, S. S., Engr., Standard Galvanizing Co., Chicago, 
Il. 


Srevens, K. M., Sales Engr., The Powers Regulator Co., Kan- 
sas City, Mo. 

Terry, M. C., Chief Engr., Standard Air Cond., Inc., New Ro- 
chelle, N. Y. 

Waters, F. A., Sales Engr., Automatic Appliance Corp., Stam- 
ford, Conn. 

Wissino, C. B., Sales Mer., Ebner Ice & Cold Storage Co., Vin- 
cennes, Ind. 


Candidates 


H. E, Sproull 


Carl Clegg 


W. A. Russell 


September, 1°36 


B. C. Candee G. F. Erdle 

M. C. Beman F, A. Fensel (Non-Membe; 

W. W. Timmis W. R. Zuhlke 

O. O. Oaks F. B. Howell 

G. B. Houliston 

F. J. Ward 

D. W. Nelson 

August Sinerda, Jr. 
Member) 

W. A. Russell 

E. K. Campbell 

Roy Conrad 

C. L. Toonder 

Elliott Harrington 

D. W. McLenegan 

C. W. Adams 

W. L. Whitaker (Non- 
Member) 


E. B. Royer 
=. V. Hill 

G. L. Larson (Non 
L. A. Stephenson 


C. A. Rickner 

L. E. Smith 
Bernard Leventhal 
L. W. Hoyt 

H. D. Betz 


Elected 


In past issues of the JourNAL of the Society the names of the following men were listed as Candidates for Membership. The 


membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and ballotted upon by the 


Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 8, of the By-Laws, the following 


list of candidates elected: 


MEMBERS 


Braprorp, G. G., Repr., Frick Co., Shanghai, China. 

Corry, G. R., Vice Pres., Appliance Engineers, Hartford, Conn. 

Epwarps, J. D., Asst. Director of Research, Aluminum Co. of 
America, New Kensington, Pa. 

Fenner, E. M., Engr., Staples Coal Co., Fall River, Mass. 

FrimepMAN, D. H., Jr., Air Cond. Engr., Peoples Gas Co., Miami 
Beach, Fla. 

Hurr, J. M., Mer. Air Cond. Dept., Silkensen & Co., Inc., Gal- 
veston, Texas. 

Larson, C. W., Service Engr., Barnes & Jones, Inc., Jamaica 
Plain, Mass. 

Mytincer, K. L., Mer. Air Cond. Div., Fitzgibbons Boiler Co., 
New York, N. Y. 

Parrott, L. G., Member of Firm, McColl, Snyder & McLean, 
Detroit, Mich 
Pererson, C, M. F., Instructor in Mech. Engrg., Mass. Inst. of 

Tech., Cambridge, Mass. 
Seiic, E, R., Jr., Treas., Fuel Savers, Inc., Harrisburg, Pa. 
Wortp, H. P., Mech. & Structural Designer, Mackenzie Waters, 
Toronto, Ont., Can. 


ASSOCIATES 


BaLpi, Giuseppe, Engr., Compagnia Italiana Westinghouse, 
Torino, Italy. 

Byrp, Tom, Sales Dey., American Rolling Mill Co., Middle- 
town, Ohio. 

Cutien, A, G., Executive, Cullen, Inc., Washington, D. C. 

Fraser, J. J., Dist Mgr., Minneapolis-Honey\ "ell R-g. Co., Mon- 
treal, Que., Can. 

Goopram, W. E., Htg. Contractor & Partner, Goodram Bros., 
Hamilton, Ont., Can. 

Hamtet, F. A., Mer., C, A. Dunham Co., Ltd., Montreal, Que., 
Can. 

Hirt, J. C., Br. Mgr., Holland Furnace Co., Wheeling, W. Va. 

Knapp, D. S., Br. Mer., Chamberlin Metal Weather Strip Co., 
Inc., Minneapolis, Minn. 

Maier, A. H., Supervisor of Htg. & Vtg., Board of Education, 


Middletown, Ohio. 


NesmitH, O. E., Htg. & Vtg. Engr., Williams Ojil-O-Matic 
Htg. Corp., Bloomington, III. 

Pace, V. C., Director of Sales, Automatic Htg. & Cooling Sys- 
tems, Inc., Baltimore, Md. 

Preece, L. W., Sales Mgr. & Engr., Electric Specialty Co., 
Erie, Pa. 

Rozertson, J. A. M., Vice Pres., The James Robertson Co., Ltd., 
Montreal, Que, Can. 

RocueE, I. F., Prov. Mer., Fess Oil Burners of Can., Ltd., Mont- 
real, Que., Can. 

Rowe, I. E., Estimator, 
Texas. 

Scuwartz, S. B., Consulting Engr., New Orleans, La. 

Stacy, L. D., Salesman, Ilg Elec. Vtg. Coe., Chicago, IIL. 

STERNER, D. S., Sales Supervisor, Tennessee Public Service Co. 
Knoxville, Tenn. 

Wacner, E. A., Pres., Wagner Engrg. Corp., Pittsfield, Mass. 

Watkins, G, B., Director of Research, Libbey-Owens-Ford Glass 
Co., Toledo, Ohio. 

Younsa, F. H., Jr., Mgr., Young Heat Engrg. Co., Billings, Mont. 

Youne, J. T., Jr. Sales Engr., Crane Co, Salt Lake City, Utah. 


Etie Sheet Metal Works, Houston, 


JUNIORS 


Anverson, G. A. M., Student, University of Minn., Minneapolis, 
Minn. 

BENSINGER, Mark, 
Washington, D. C. 

Davis, G. C., Sales Engr., Northern Public Service Corp., Win- 
nipeg, Man., Can. 

Dykes, J. B., Estimator, T. A. Morrison & Co., Ltd., Mont 
Que., Can. 

FLinn, G. S., Chief Engr., McGregor’s, Inc., Memphis, Ten: 

Fox, E. L., Student, Purdue University, W. Lafayette, Ind 

Haun, R. F., Sales Engr., Frigidaire Corp., Atlanta, Ga. 

Hirt, C. F., Engr., Carrier-Brunswick Internat'l., Newark, 

Kupasta, R. W., Sales Engr., Bryant Air Cond. Corp., 
York, N. Y. 

Lioyp, E. H., Sales Engr., Washington Gas Light Co., W 
ington, D. C. 

Sorstap, L. L., Student, University of Minn., Minneapolis, M 

WIERIMAN, W. J., Student, University of Minn., Minnea 
Minn. 


Sales Engr., Combustioneer Stoker Corp., 
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PO) of DISTINCTION 
OF MIDWEST WELDING ELLS 


* LONG TANGENTS 


* SAVE PIPE 


hen a Midwe 


tangent: 


Wile 


DIMENSIONAL ACCURACY 


eo Bele! mity ete) therwise 


' 

nve oo sh@ebele mace ‘ 

feeble nelepeme best: 1) 

t CA t Ve pre ‘ 
iror Va 


WALL THICKNESS 


* GREAT STRENGTH 


Destruction tests have proved 
Midwest Ell s always at least « 
rig dohete MMe t-MNE (MEME ore) 4 ¢-1-) oleseletbele! 


Ask for New Bulletin WF-36 
SLIP-ON FLANGE 


PIPING & SUPPLY COMPANY, Inc. 


Main Office: 1450 South Second Street, St. Louis, Missouri 


Plants: St. Louis, Passaic (N. J.) and Los Angeles * Sales Offices: Chicago—946 Marquette Bldg. * Houston—1716 Second 
Nat. Bank Bldg. * Los Angeles—520 Anderson St. * New York—(Ballwood Div.) 30 Church St. * Tulsa—533 Mayo Bldg. 


MID\\VES| 


WELDING FITTINGS 
IMPROVE PIPING DESIGN AND 


SHAPED NIPPLE © RETURN BEND REDUCE COSTS 
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YESTERDAY 
AND TODAY 


Time was when this unpretentious house was 
the only house in Dayton. Time also was when 
Kuhns Brothers were new at the cast fitting 
business . . . in 1887. 


But things have changed and this house is 
today only a relic .. . Kuhns’ early years only 
a memory. 


Today K fittings are produced in tremendous 
quantities, with the latest of equipment and 
according to latest practice and up to the most 
rigid standards, 


Specify K fittings for your next job. You'll get 
the quality that has made them a standard line 
from coast to coast for years and you'll get 
service. 

Standard and extra heavy screwed fittings, 
American Sprinkler fittings, standard flanged 
fittings, standard and extra heavy companion 
flanges and drainage fittings. 


Catalog available for Plumbers and 
Industrial Users 


Combined marketing facilities on both “K” 

cast iron and on M.LF. malleables. Complete 

stocks of both at Dayton, Ohio, and Branford, 
Conn, 


BROTHERS COMPANY 


Dayton, Ohio 
1887 


KUHNS 
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o 
Book Review s 
Industrial Dust 
“Industrial Dust—Hygienic Significance, Measurement and 


Control,” by Philip Drinker, Professor of Industrial Hygiene, 
Harvard School of Public Health, and Theodore Hatch, Instruc- 
tor in Industrial Sanitation, Harvard School of Public Health 
and Harvard Graduate School of Engineering. Published by 
McGraw-Hill Book Co., Inc., 330 W. 42nd St., New York, N. Y. 
1st edition, 316 + viii pp., 6x9 in., clothbound. Price, $4.00. 

The authors have succeeded most admirably in this timely 
book in emphasizing the cooperative nature of the control of the 
dust hazard in industry, which they point out is the joint duty 
of the physician and the engineer, as design of the apparatus is 
an engineering matter but it is often the physician who finally 
appraises its success. 

The physical properties of dusts, fumes, and mists are first 
described, followed by a discussion of the effects of dusts and 
fumes upon man. The third chapter is devoted to the physical 
and chemical factors in pneumoconiosis, 

Permissible dustiness is the subject of Chapter IV, and in 
Chapter V instructions for making dust surveys are given. The 
next two chapters (VI and VII) comprise a detailed treatment 
of dust determination, with practical suggestions based on the 
authors’ experience with the various types of sampling instru- 
ments and the counting of samples. Chapters VIII and IX are 
devoted to the determination of particle size, and chemical and 
mineralogical analyses, respectively. 

A general discussion of control of the dust hazard is then 
given, followed by a lengthy chapter on design of local exhaust 
systems, and chapters on air cleaning apparatus and dust re- 
spirators and air masks. The chapter on air cleaning by filtra- 
tion is of particular interest. 

A bibliography listing 260 references is appended. 





Booklets, Reports and Papers 





Temperatures of Evaporation of Water into Air 

As the paper “The Temperatures of Evaporation of Water 
Into Air,” by W. H. Carrier and Daniel C. Lindsay, which was 
presented at the annual meeting of the American Society of 
Mechanical Engineers, December, 1924, has been out of print 
for some time, and because it is of continued importance to the 
art of air conditioning, reprints have been prepared by the Carrier 
Engineering Corp., 850 Frelinghuysen Ave., Newark, N. J. 

This paper, subtitled “An Experimental Determination of the 
Laws Governing the Deviation of the Actual Temperature of 
Evaporation from the Theoretical,” reports experiments carried 
on at Cornell and at the Case School of Applied Science to show 
that under ideal conditions permitting true adiabatic saturation 
the wet bulb temperature is actually the temperature of equil- 
ibrium represented in the heat equilibrium equation, and also to 
show how and to what extent the wet bulb temperature observed 
under ordinary conditions varies from the theorétical equilibrium 
temperature, 

Appendices deal with the process of adiabatic saturation, an 
approximation of the effect of radiation in raising the wetbulb 
temperature above the theoretical, a description of the adiabatic 
saturator and the experimental methods, and a description of the 
apparatus and experimental <nrethods used in determining the 
variation of error in the wet -bulb temperature with variation 
in air velocity and wet bulb temperature. 
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An important 





A Protection for 
Your Appliance 


The Leland Electric Company 
presents for your approval the 
thermal release switch — an- 
other forward step in produc- 
ing the ultimate in satisfactory 
motor operation. I+ eliminates 
motor burn-outs—prevents ex- 
pensive service calls—removes 
the motor from the line before 
any permanent damage has 
been done to either motor or 
appliance. 


Optional on Leland motors 
sold to drive automatic water 
systems, oil burners, stokers, 
water circulators, air condition- 
ers, refrigerators, etc. 


Write direct to the company 
for further details. 


THE LELAND ELECTRIC CO. 


Dayton, Ohio 


Canadian Cable 
Address Address 
Toronto Lelect 











_ TORONTO . .. PARIS .. _ MILAN 
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VACUUM OR 
PRESSURE... 


(PRE 





Both WELCOME 


SUPER-SILVERTOP 


e Efficient, leak-free operation—that is why 
Super-Silvertop is welcomed by vacuum or 
pressure. Some traps appear to operate 
satisfactorily on pressure systems. But 
these traps cannot be used on vacuum 
because they constantly leak steam—steam 
that means wasted heat—loss of money. On 
pressure systems this steam loss will be hid- 
den—on vacuum it is immediately apparent. 


Before buying traps for any use, ask if the 
trap will work on vacuum—if the answer 
is no, then that trap definitely leaks steam. 
Super-Silvertops operate on vacuum—proof 
that they do not leak steam. @ Super-Silver- 
tops save installation time and money—there 
are no extras to buy or install. They can be 
inspected without disturbing pipe connec- 
tions and they average 76% greater capacity. 


Remember—the trap that operates on pressure 
or vacuum—the trap that does not leak steam— 
is Super-Silvertop, the only complete steam trap. 


V. D. ANDERSON COMPANY 


1949 WEST 96th STREET e CLEVELAND, OHIO 



































Heating - Piping 
114 aiAir Conditioning 


The Warmth Factor in Comfort at Work 


A report entitled “The Warmth Factor in Comfort at Work— 
a Physiological Study of Heating and Ventilation,” by T. 
Bedford, has been issued by the Industrial Health Research Board 
of the Medical Research Council, London England, and is 
printed by His Majesty's Stationery Office, the American agency 
of which is the British Library of Information, 270 Madison 
Ave., New York, N. Y. Comprising a 110-page booklet, 6 in. by 
9% in., the price is 2s. Od, 

This report is devoted to a field investigation of the relation 
between comfort and environmental warmth which was made 
in factories and offices under working conditions, and relates to 
the comfort of persons (mainly young women and girls) engaged 
in very light work. Included are a survey of the effects of 
physical environment on the personal feeling of warmth, in which 
many other studies are referred to; a description of the most 
comfortable conditions for persons doing light work; a discussion 
of the relative merits of different instrumental measurements of 
warmth; and an examination of the relation between the sensation 
of warmth and temperature of the skin. 

From a comparison of correlations of “comfort votes” with 
instrumental measurements, Dr. Bedford concludes that equiva- 
lent temperature and readings of the globe thermometer are 
better indices of environmental warmth than any of the other 
instrumental readings considered. It was found that maximum 
comfort conditions were obtained with an equivalent temperature 
of 62.3 F, and that this is the degree of warmth that will be 
found most suitable in workrooms and in other places where the 
occupants are engaged in sedentary or very light work. This 
condition is obtained with a globe thermometer reading of 65.1 F, 
an effective temperature of 60.8 F, a dry bulb temperature of 
64.7 F and a dry kata cooling power of 6.1. 

The report, of course, applies to conditions in Great Britain, 
but should be of interest to American engineers as well. 








could be readily and reliably determined. 


stationary, while readings are being made. 


thermometers. 


facility in use. 
Price at Baltimore $15.00 


BALTIMORE, MARYLAND 











easy— HUMIDIT Y — accurate 





The Friez Hand Aspirated Psychrometer was derived from the 
needs of Air-Conditioning for an instrument by which Humidity 


Instead of whirling—with its difficulties and inaccuracies—this 
new pocket Psychrometer, with its own case as a handle, is held 
The hand operated 
air-bulb produces a suction which draws air in fast flow across the 
The thermometers (oval-bore type) can be con- 
stantly watched and easily read during the whole process. 


Laboratory accuracy is thus attained along with work-a-day 


JULIEN P. FRIEZ & SONS, INC. 


“THE MAKERS OF AMERICA’S WEATHER INSTRUMENTS” 
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Guides to Government Purchasing 


The Machinery Division and the Forest Products Division of 
the Bureau of Foreign and Domestic Commerce, Department of 
Commerce, Washington, D. C., have made available guide books 
for American business firms and individuals desiring to do busi- 
ness with various branches of the government. Suggested leads 
and ‘short cuts for contractors interested in obtaining government 
business and for prospective bidders on products for government 
use are included, federal purchasing offices are listed and a section 
on government purchasing procedure with instructions on proper 
methods of soliciting inquiries and submitting bids is given. 

Copies of either report may be had at five cents each from the 
Bureau of Foreign and Domestic Commerce. 


Temperature Control is Health Insurance 


A 20 p. booklet, “Temperature Control Is Health Insurance,” 
by Shirley W. Wynne, M. D., has been published by the Tem- 
perature Research Foundation of Kelvinator Corp., 420 Lexington 
Ave., New York, N. Y. Dr. Wynne discusses the importance of 
mechanical refrigeration for food preservation and briefly evalu- 
ates air conditioning as a factor in the well being of America. 

Among the unhealthy conditions which Dr. Wynne says are 
removed by control of temperature and humidity in relation to 
each other, and by the prevention of overheating by air condi- 
tioning, he lists “increased flow of blood; increased heartbeat ; 
increased respiration; decreased vasomotor tone; swelling of 
the bony structures of the nares; increased pulse beat; increased 
sweating, increased body and skin temperature; increased 
metabolism; general lassitude and dizziness. Prevention of 
these conditions,” he remarks, “is obviously a contribution to 
well-being.” 








A NEW TOOL 
for 
Air-Conditioning 
Consultants 


Engineers 








Service Men 
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TRIMO 


MAKES 
GOOD LUCK 


As you need more and 
more wrenches for heat- 
ing, piping and air con- 
ditioning work, count 
more and more on 
TRIMO. 

Because you'll have 
“00d luck” with these 
tested tools — “good 
luck” that is the direct 
product of greater 
strength, safety and the 
ability of the Trimont 
Company to deliver 


GREATER 
SERVICE 


GREATER GREATER 


SAFETY 


STRENGTH 





GREATER 
DURABILITY 


time. 


TRIMO is made of 
Chrome Molybdenum 
Nickel Alloy Steel — 
Handle Drop Forged. 


for good service. 


SS 


The Red Tag Iden- 
tifies Every TRIMO 


TRIMONT MFG. CO., INC. 


TRIMO SAWING VISE SET 


pays for 


" 100% square. 


tubing to round while 
it is being cut. 


By eliminating damaged 


to be thrown away. 














1 By making every cut | 


" tubing which might have | 
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quality wrenches on | 


Use TRIMO Wrenches | 


Roxbury (Boston) Mass. | 


itself on first job. 


2. By sizing and holding | 
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Photo: N. B, Aukerman 


Coordinated Direction 


The drum major is more than ornamental. He performs a 
real service in coordinating the movements of the individuals 
of his organization. 


Independent “Fabrikated” Adjustable Directed Air Flow 
Registers and Grilles are correctly designed and finished; but 
their great value to the air conditioning engineer is that they 
enable him to regulate and coordinate air movements in any 
space with the utmost effectiveness. Grille bars can be set at 
any angle, up to 45 degrees, to direct air flows with extreme 
accuracy. Adjustments can be made either before or any 
time after installation. 


Send for catalog and data book 
THE INDEPENDENT REGISTER Co. 


$757 EAST 93rd STREET CLEVELAND, OHIO 


Patented 


INDEPENDENT 


DIRECTED AIR FLOW 
REGISTERS and GRILLES 
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DELCO-HEAT 


the fastest sellin g 


OlL BURNER 


on the market! 





A complete line of automatic 
heating equipment... backed 
by General Motors 


Boiic acceptance of Delco-Heat has forced it 
from 300th place to a position among the leaders 
in the field, in a period of scarcely five years. 

The reason for this amazing growth lies in the 
quality of construction, the economy of operation, 
and confidencein the reputationof General Motors. 

National advertising is now bringing to the 
attention of the public the unique advantages of 
the Delco-Heat oil burner, Delco-Heat boiler 
unit, and the Delco-Heat Conditionair. 


PRODUCTS OF GENERAL MOTORS 


DELCO-FRIGIDAIRE 
CONDITIONING CORPORATION 


{UTOMATIC HEATING DAYTON, OHIO 4A/R CONDITIONING 
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Conventions and Expositions 








World Power Conference: September 7-12, Washington, D. 
C. American National Committee, Interior Bldg., Washing- 
ton, D. C. 

American Society of Mechanical Engineers: Niagara Falls 
meeting, September 16-19, Hotel Niagara, Niagara Falls, N. Y. 
Secretary, C. E. Davies, 29 W. 39th St., New York, N. Y. 

American Welding Society: Annual meeting, October 19-23, 
Hotel Cleveland, Cleveland, Ohio. Headquarters Office, 33 W. 
39th St., New York, N. Y. 

American Gas Association: Convention, week of October 26th, 
Atlantic City, N. J. Headquarters Office, 420 Lexington Ave., 
New York, N. Y. 

National Association of Practical Refrigerating Engineers: 
Annual meeting and exhibit, November 10-13, Drake Hotel, 
Chicago, Il] Secretary, Emerson Brandt, 228 N. LaSalle St., 
Chicago, III. 

International Acetylene Association: Annual convention, No- 
vember 18-20, Jefferson Hotel, St. Louis, Mo. Headquarters 
Office, 30 E. 42nd St., New York, N. Y. 

Twelfth National Exposition of Power and Mechanical En- 
gineering: November 30-December 5, Grand Central Palace, 
New York, N. Y. Manager, Charles F. Roth, Grand Central 
Palace, New York, N. Y. 

American Society of Mechanical Engineers: 
November 30-December 5, New York,-N. Y. 
Davies, 29 W. 39th St.. New York,-N. Y. 

National Warm Air Heating and Air Conditioning Associa- 
tion: Winter meeting, December 15-17, Stevens Hotel, Chicago, 
Ill. Managing Director, Allen W. Williams, 50 W. Broad St., 
Columbus, Ohio. 


Annual meeting, 
Secretary, C. E. 














Equipment Developments 








For your convenience in obtaining more information 
about any of this equipment, see coupon on page 136. 
Add the new products and companies listed here to your 
Directory Section which you received in your January 
1936 Heatinc, Pipinc anp Arr ConpITIONING and thus 
keep your records of sources of supply up to date 
throughout the year . . . Single asterisk (*) indicates 
equipment not listed in Directory, Section; double 
asterisk (**) equipment and manufacturer not listed. 


Flanged Monel Metal Tubing 

No. 1052—Instead of flaring the ends over a backing flange, 
a new method has been developed whereby the monel flange 1s 
pressed out of sheet with a neck for welding to the tube, after 
slipping a malleable iron backing flange over the tube. In this 
way the face of the flange is flat and smooth and the inside 
corner radius is kept at a minimum. 





This flanged tubing is immediately available in 14%, 2 and 2 
in. O.D. sizes of welded monel metal tubing, in standard lengths 
of 10 and 12 ft, and in shorter lengths made to order. It 1s 
furnished complete ready for erection at a unit price per lengt! 
including backing flanges, bolts and rubber gaskets. Ninety d 
ells made by bending thin walled tubing, complete with backin 
flanges, are available, as are T’s made by welding. 
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TURBINE PUMP 


perfected by 


WORTHINGTON 
THE WORLD’S LARGEST PUMP BUILDER 


Pe, 
+ 
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mm 
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Heating systems waste coal and do not de- 
liver the heat they should unless all the radiator 
traps function efficiently. Replace worn traps | 
with Sarco Radiator Traps and you will be sur- | 
prised at the difference in the coal bills. 

Sarco Radiator Traps have a wide opening 
which permits them to discharge condensate 
freely. The large thermostatic element, together | 
with the nature of the volatile fluid it contains, 
insures maximum closing pressure. 
















MODERN 
AIR-COOLED MOTOR 
..» Hollow-shaft type -. Assures greater strength 
and rigidity 
WEATHER-PROOF HOOD 
. » Protects motor winding 


SARCO “in | "se 
TRAPS | a ~~ oe 


BALL THRUST BEARING 
. «+ Oversize, to carry 
pump thrust 


COLUMN PIPE 
THREADED COUPLINGS 
.» Fifty percent longer than 
standard, giving better 
alignment and rigidity 


BRONZE SHAFT BEAR 
EVERY FIVE FEET 
. +» Prevent shaft whip 
and vibration 


SPRING-PACKED LOWER 
COVER PIPE STUFFING BOX 
..- Prevents oil leaking 
out of cover pipe 


PRESSURE RELIEF 
IN DISCHARGE CONE 
- «Prevents water leaking 
into cover pipe 


have longer life because the bellows is formed 
from a single piece of seamless, helically corru- 
gated bronze tubing of large diameter which 
gives even distribution of the strain over its 


MODERN DRIVING HEAD 
. +» Presents pleasing 
eppearance 


PUMP BEARINGS 
«. Correctly lubricated with 
oil, for long life 


c CONTROLLED IN IMPELLER BOWLS 
entire length. OlL LUBRICATION Efficiently convert velocity 
» + Economical head to pressure head 


The head is self-aligning and seats perfectly. 
The seat can be renewed for a few cents. 

Sarco Radiator Traps operate without noise 
and cannot air bind or freeze. 

Sarco Radiator Traps have been on the mar- 
ket for a quarter of a century. 

The Sarco line also includes Radiator Inlet 
Valves, Float Traps, Air Eliminators, Boiler Return 
Traps, Temperature Regulators, Water Blenders 
and Strainers. 

Write for our interesting Catalog O-45. 


SARCO CO., INC. 


183 Madison Avenue, New York, N. Y. 


Branches in Principal Cities 


Sarco Canada Limited, Federal Bldg. 
Toronto, Ont., Canada 











COVER PIPE ADJUSTER 
«+» Assures shaft alignment 


. +» Maintains smooth flow 
of water and improves 
efficiency 


COLUMN PIPE 
BOLTED TO DRIVING HEAD 
.. Assures ease in 
setting or pulling pump 


COVER PIPE 
.«» Protects shaft and bear- 
ings from water erosion 
and corrosion 


STREAM-LINED 
WATER PASSAGES 
.»+» Assure better 

hydraulic efficiency 


@ Literature on request 


WORTHINGTON PUMP AND MACHINERY CORPORATION 
General Offices: HARRISON, NEW JERSEY 
Branch Offices in Principal Cities throughout the World 


A-36396 


WORTHINGTON 


——== = > 9 ie 
= | 4 a JAANVAANNES 5 7 4 


se 





SSS Se ye 


WORTHINGTON IMPELLER 
LOCKING DEVICE 


STAINLESS STEEL 
IMPELLER SHAFT 


WORTHINGTON CORRECTLY 
DESIGNED AND APPLIED 
BRONZE IMPELLE 


«+» Forhigh pump efficiency 


---Grease-packed, requiring 


wn Effic 


being drawn into pump 



















Prevents impellers 
working loose 


No shaft corrosion 


SHAFT BEARING 

AT INLET VANE 
no attention 
GALVANIZED 
UCOPIA STRAINER 


iently prevents solids 
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OTORS 
we built Quie 


Atay Quiet 


WILL*GIVE- LONG 
QUIET-SERVICE | 
‘+ FREE-FROM-TROUBLE 
Let us help solve 
your Motor Problem 
THEHOLT ZER-CABOT 
ELECTRIC COMPANY 


Boston, Mass. 
VO) CO) aay 2) a ee 
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Since the internal diameter of the 1% in. tubing is essentially 
the same as that of 1% in. I.P.S. pipe, and that of the 2 in. 
and 2% in. is the same as pipe of the same nominal size, the 
tubing can be connected to existing pipe lines by the use of 
companion flanges. When hooking up with other metals and 
galvanic action is feared, the bolts can easily be insulated, 
which, with the rubber gasket, eliminates this possibility, ac- 
cording to the manufacturer. 

While the tubing and fittings are at present ready for prompt 
delivery in the above three sizes only, it is expected that other 
sizes will be added.—International Nickel Co., 67 Wall St., 
New York, N. Y. 


Four New Unit Heaters 


No. 1053—Four new sizes of the “Grid” unit heater have 
been announced. They are of the same construction as the 
manufacturer’s other units, with all-cast aluminum heating 
sections bonded with the steam chamber so that no electrolysis 
is produced to cause corrosion of the heating sections and 
develop leaks. 

The new models have the following capacities at 2 lb steam 
pressure and 60 F air temperature: 56,750 Btu with 1290 cfm 
air volume at the fan; 97,500 Btu with 2500 cfm; 158,500 Btu 
with 4200 cfm; and 248,000 Btu with 5300 cfm.—Unit Heater & 
Cooler Co., 1002-1024 Third St., Wausau, Wis. 


Obtains U. S. Rights on Oxygen Machine 


No. 1054—Mr. J. F. Lincoln, president and general manager 
of The Lincoln Electric Co., 12818 Coit Rd., Cleveland, Ohio, 
has returned from a business trip to Germany which he made 
to investigate a new type of machine for manufacturing oxygen. 
While there, he completed negotiations with The Messer Co., 
Frankfort on Main, the designers and patentees, for repre- 
sentation in the United States. 

The machine, which is automatic, was developed for users of 
oxygen for cutting and welding by the acetylene process to enable 
low cost production of oxygen in their own plants. Due to 
low first cost and economical operating costs it is believed that 
this equipment will be of interest to plants who use as little as 
500 cu ft of oxygen per day. 

Lincoln Electric will handle all negotiations for use of any 
equipment sold or manufactured under the Messer patents in 
the U. S. 


Centrifugal Acid Pump Announced 


No. 1055—A_ small, low cost, centrifugal pump made of 
“Worthite,” an acid resistant nickel-chromium-molybdenum 
steel, was recently announced. All parts of the liquid end are 
of the alloy, and acid resistance of other parts is obtained by 
using specially 
treated steel, 
coated with 
chlorinated rub- 
ber. 

Impeller is of 
the open type, 
with three vanes 
opening down 
to the hub, sub- 
jecting the stuff- 
ing box to suc- 
tion pressure only. The shaft is one solid piece of “Worthite,” 
with impeller attached by lock nuts and key to prevent it fron 
working loose if the motor is started in the wrong direction 

This pump is particularly well adapted to handling most acids 
and alkalies where medium pressure, transfer pumping is ré 





quired, states the maker. Available for heads to 70 ft, an 
capacities to 130 gpm.—Worthington Pump and Machinery Corp 


Harrison, N. J. 
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a3 PR AUTOMATIC 


AIR FILTRATION 


The "DOUBLE-DUTY" Air Filter 
has been acclaimed an out- 
standing automatic, self-clean- 
ing filter for heavy duty work 
by leading manufacturers and 
mills thru-out the country. Sim- 
plicity in construction and de- 
sign practically eliminates all me- 
chanical attention. “DOUBLE 
DUTY" filtration only requires 
servicing to the extent of oil re- 
plenishment every three to six 
months, depending on the dust Cross-section view of fil- 
contents of the air in each in- — «showing simplicity 


°° of self-cleaning operation. 
dividual case. 


























Uniform air - flow 
assured by self- 
cleaning louvre 


plates. 


INDEPENDENT AIR FILTER COMPANY 


Ze Weert OHIO STREET, CHICAGO, ILLINOIS 





CORK INSULATION 





FOR 
AIR CONDITIONING 


The surest way to obtain economical tem- 
perature control is to use good cork insula- 
tion. “Jointite” Insulation is pure Cork of the 
finest grade, fabricated by the Mundet process 
into Corkboard and Moulded Cork Pipe Cov- 
ering. These products offer the air condition- 
ing industry the same high quality and low 
transmission coefficient per inch of thickness 
that have won universal acceptance for Mun- 
det Cork Products. Write for further infor- 
mation, or refer to Sweet’s Architectural Cat- 
alog. 


% Machinery vibration is effectively isolated with Mundet 
Natural Cork Mats. 


MUNDET CORK 


CORPORATION 
450 Seventh Avenue New York, N.Y. ~“Jointite” Cork Insulation is made in the required 
Offices in Principal Cities thicknesses for insulating all cold lines and ducts. 








_ Heating - Piping 
120 aiAir Conditioning 


Applications of Brazing Alloy Increased 


No. 1056—Improvements and refinements in manufacturing 
“Phos-Copper” brazing alloy have increased its field of applica- 
tion. The new processes include annealing and pickling to 
insure freedom of any carbonaceous deposit on the surface which 
might interfere with the production of leak proof joints. 

This phosphorous-copper alloy is available in many sizes and 
shapes, including rod, ribbon, washers, strip, and other shapes. 
Standard rods are 3 ft in length with ve, #:, %, %, and % in. 
diameter. Ribbon is 0.015 in. thick by 1.25 in. wide. Other 
shapes for special applications are available. It is applicable to 
all kinds of copper and copper alloy joints where strength, or 
gas and liquid tight joints are required, such as bus bar struc- 
tures, copper tanks, cooling coils, electrical connections, radiators, 
refrigerators, terminal lugs, water heaters, copper piping, air 
conditioning systems, and copper smithing, according to the 
manufacturer.—Westinghouse Electric & Mfg. Co., East Pitts- 
burgh, Pa. 


Improved Expansion Bolt 


No. 1057—Improved “Life-Time” expan- 
sion bolt assures holding power up to the 
breaking point of the bolt, states the maker. 
The anchorage material is lead, which 
absorbs vibrations, is soft, and doesn’t 
crush or break down the masonry. The 
bolt itself is steel and has a thin, steel-cone 
jacket under the bolt head, with a lead 
jacket on the outside. When placed in a 
hole and driven down with the application 
tool, the steel cone expands over the head of the bolt and fills 
all space between the head of bolt and wall of hole, thus prevent- 
ing the lead from flowing past the head of bolt, and it wedges 
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the bolt head in the hole. The lead jacket expands and flows over 
the steel cone, filling the hole around the shank of the bolt. A 
washer slightly larger than the lead jacket is furnished to give a 
good bearing for driving and expanding the lead jacket—Chi- 
cago Expansion Bolt Co., Rm. 685, 126 S. Clinton St., Chicago, 
Il. 


New Line of Air Compressors 


No. 1058—A line of compact, self-contained three and six 
cylinder, vertical angle, two stage air compressors with capaci 
ties ranging from 142 to 445 cfm has been developed. The 
three cylinder unit has two low pressure cylinders set opposit: 
each other at an angle, with a high pressure cylinder set ver 
tically between them 
The six cylinder unit 
is set up in the same 
manner, with tw 
cylinders side by sid 
in each position. The 
units may be had with 
V_ belt 
connected to the motor 
through a flexible 
coupling, or with the 
mounted  di- 


drive, direct 


motor 

rectly on the end of 

the crankshaft. 
Automotive type pis- 





tons with two com 
pression rings, two oil rings, and full floating wrist pins are used 
on all models. Articulated connecting rods permit the use of a 
large crank pin bearing and the same center line for all cylinders. 
A finned, radiator type intercooler, with a fan which draws ait 
through the cooler and over the cylinder head, quickly removes 











Valves and Fittings 


{ NOTHING LIKE IT EVER PRINTED 
The New Frick Catalog of Ammonia 








Showing flanged pieces both separately and complete 
with companion flanges, bolts and gaskets . . . with weights 
and principal dimensions listed in the same tables . . . and 
with only one discount applying to everything Frick 
Catalog H is the answer to your need for a manual of 
valves and fittings that is convenient to use. Many new 
items, including repair parts for valves, are presented. 
Your copy is waiting. 
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THERE’S A VAST DIFFERENCE 
IN STEEL PIPE 


. » - AND THIS IS THE REASON 


When you think of Fretz-Moon Pipe, don’t consider it 
as ordinary steel pipe. It is made of a different type 
of material and by an exclusive manufacturing process 
—both of which combine to produce pipe possessing a 
high degree of uniformity, ductility and cleanliness 
not found in steel pipe made by ordinary methods. 

The material—steel of evenly high ¢x<‘ity, spe- 
cially rolled into skelp and formed into coils containing 
as much as 1200 feet in a single length. 

The process—an exclusive method of manufacture 
known as the “continuous process” from which mod- 
ern scientific instruments and engineering have elimi- 
nated all guesswork, all chance. Every inch of pipe 
made by this process is the same in quality as every 
other inch. Never under- or over-heated. Always 
mechanically perfect. 

If you would like to know more about the differ- 
ence in steel pipe, write for the complete story of 
the “continuous process.” It will be sent you in il- 
lustrated booklet form. 


FRETZ-MOON TUBE CO., INC. 
BUTLER +» PENNA. 


FRETZ-MOON 


an ee 


BIAChk AND GALVANIZED 
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ALL-ALLOY 


Fell WRENCH STRENGTH and 
PERFORMANCE ARE UNBEATABLE 





With its all-over oil hardened chrome 
molybdenum alloy jaws and new alloy 
housing and handle, ths RISD 
meets all Government and U. S. Navy 
tests. 
able. 
open housing that spins easily in all sizes 
6” to 60”. And it's made in End Pattern 
Try it 
—and you'll understand its popularity. 
At your Jobber's. 


THE RIDGE TOOL CO., ELYRIA, O. 


Rikalb 


Reg. U. S. Pat. Off. 





Housing is guaranteed unbreak- 
You'll like the adjusting nut in 


for pipes against flat surfaces. 






































Pipe Tools 
WRENCHES 
CUTTERS 
THREADERS 
VISES 
EXTRACTORS 
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FEDDERS / 
Serer 3 


UNIT HEATERS 









CAN’T 
COMMIT 


SUICIDE 


The wear and tear on Unit Heaters comes from 
INSIDE, not 3 Unit 
Heaters provide full protection against the severe 
expansion stresses within the heating element and 
between the element and the cabinet due to sud- 
den wide temperature changes between low room 


outside. Fedders Series 


temperature and steam. 


The element is anchored in the cabinet by pat- 
ented Full-Floating mountings which not only 
maintain its alignment, but allow it to expand 
and contract within the cabinet. 


Expansion stresses between neighboring tubes 
are eliminated by Fedders 3 to 1 streamline tubes 
and individual convoluted fins. This permits each 
tube to “give” laterally and independently, rather 
than being tied to its adjacent tubes from top 
to bottom. 


Curved headers provide extreme strength and 
eliminate diaphrag- 
matic action thus as- 
suring a stable heating 
element. 


Handsome appear- 
ance, quieter opera- 
tion, dependable per- 
formance, — you get 
them ALL in the com- 
plete line of Fedders 
Series 3 Unit Heaters. 
Write for catalog 542, 
it shows why they can’t 
commit suicide, 


FEDDERS 


MANUFACTURING COMPANY 
Buffalo, N. Y 





Patents 1,970,105, 2,025,426 


Are you get- 
ting Your Copy 
of the FED. 
DERS NEWS? 


57 Tonawanda Street 
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the heat of compression. A large oil reservoir in the crankcase, 
force-feed lubrication, an oil cooler and an oil filter assure com- 
plete and efficient lubrication of all moving parts, according to the 
maker. The suction and discharge valves are in separate com- 
partments, allowing removal without disturbing the pipe con- 
nections. The crankcase is fitted with large cover plates to 
provide speedy and easy inspection of the running gear.— 
Worthington Pump and Machinery Corp., Harrison, N. J. 


Recording Thermometer for Industrial Service 


No. 1059—New 10 in. chart recording thermometer for in- 
dustrial service has helical spring which is calibrated and sealed 
in a metal cartridge by the manufacturer, and is welded, to- 
gether with the capillary tube and sensitive bulb, into a single 
sealed unit. This complete thermal unit can be readily removed 
from the instrument without exposing any mechanism or dis- 
turbing the instrument mounting. The helical spring, sealed in 
the cartridge, is protected against dirt and moisture and the 
possibility of damage by handling. 

The absence of multiplying devices is another feature, the 
helix directly driving the shaft of the pen-arm, and zero adjust- 
ment being made by rotating the entire helix within the car 
tridge. 

There are several forms of bulbs available for measuring tem- 
peratures in open or closed 
tanks, pipe lines, air ducts, 
drying rooms, the average 
temperature of large areas, 
etc. Thirty-nine temperature 
ranges are available between 
the limits of —20 and +1000 
F. The 
length is 200 ft, and the 


maximum tubing 
manufacturer states that the 
instrument is compensated so 
that the effects of tempera- 
ture change on the capillary 
may be disregarded. 

One, 2 or 3 records may 
be traced on a single chart 
if it is desired to show flow, 
COs, draft, pressure, etc., in 
addition to temperature.— 
Republic Flow Meters Co., 
2240 Diversey Pkwy., Chi- 
cago, Ill, 





Radial Diaphragm Pump for Process Services 


No. 1060**—Radial diaphragm pump has been designed for 
pumping acids, chemicals or foodstuffs without danger of con- 
tamination by lubricants, and for pumping abrasives, sludges 
and slimes, with minimum wear on interior surfaces. It may 
be driven by a gear motor, a variable speed motor or a variable 
speed transmission, and the discharge is a steady flow free from 
surges. According to the manufacturer, it may be operated 
efficiently at any speed within its maximum recommended speed, 
even down to a “mere crawl.” 

Six pumping chambers are arranged radially around a ver- 
tical nickel steel drive shaft and carried on independent brackets 
attached to a main central housing. Each pumping chamber has 
an inlet valve and a discharge valve of the weighted rubber ball 
type. The inlet valves are connected to a manifold arranged 
to be mounted so that the suction pipe may be placed at any 
one of six locations; the discharge valves connect with a stream- 
lined spider manifold, the six radial branches converging into 4 
central outlet at the top. 

Each pump chamber has a molded ring diaphragm clamped 
at its outer circumference to the pump chamber and at its inner 
circumference to a piston. Each piston is connected by a rod 
with a steel crosshead carried in adjustable guides; at 














EAL 





Good appearance as well as electrical and 
mechanical sturdiness is exemplified in this 


Ventilating Fan Control panel which is a 
2-Step Starter with speed Regulation and 


with circuit breaker protection. Note the 
concealed hinges and flush closing door on 
the cabinet. The speed Regulator may be 
operated and the circuit breaker reset with- 
out opening the door. 


“>THE CLARK CONTROLLER CO. 


y) 1146 East 152nd St 
; CLEVELAND, OHIO 
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At Macy’s— 
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...NOVOID CORKBOARD 


assures maximum air- 
conditioning efficiency 


7,250,000 cubic feet of store space—5 entire 
floors—are now air-cooled at Macy’s. And 
guarding the efficiency of cool air ducts and pip- 
ing—are Novoid Corkboard and Cork Covering, 
installed by Robert A. Keasvey Company, New 
York City. 

One of the principal reasons why Noévoid is 
selected for so many important insulation jobs 
is that it is made from pure granules of cork 
a dependable and permanent insulating material. 
With its millions of cells of entrapped, dead air, 
cork forms a natural barrier to heat, and also 
resists moisture. 


In Novoid Corkboard, you have this natural 
heat barrier in a practical, easy to use form. Be- 
sides its high insulating efficiency, Novoid Cork- 
board is structurally strong, light in weight and 
easy to erect. Moreover, when pr6perly in- 
stalled, this dependable insulation will not settle, 
pack or deteriorate. Write today for complete 
information, samples and prices. 


CORK IMPORT CORPORATION 


330 West 42d St., New 27 Haymarket Square, 


York City Boston 
400 West Madison St., 1524 Chestnut St., Phila- 
Chicago delphia 





NOVOID CORKBOARD 
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“DO THE JOB QUICKLY AND ACCURATELY 


says large Chicago 





WITH A UNISHEAR” 


company. 





“Picture shows how we use a Unishear to 
cut a hole in a duct. This can be done either 
in the shop or on the job. It sometimes hap- 
pens that in remodeling an air conditioning 
system it is not possible to move a duct where, 
for example, it might be necessary to run a 
new connection from the existing duct. Where 
it would be difficult to use hand shears a Unishear can be used to good 
advantage for doing the job quickly and accurately.” 

This user tells the story of Stanley Unishears from actual experience. 

Ask your Stanley distributor for a demonstration; prove it yourself. 
Or send for descriptive literature. 


THE STANLEY ELECTRIC TOOL DIVISION 


a THE STANLEY WORKS 
Gin EY 








New Britain, Conn. 











THE DE BOTHEZAT 


yari-SP ced 


BELT 
DRIVEN FAN 


Efficient, adjustable, vari- 
able speed fan for dwell- 
ings, theatres, clubs, etc. 





® Provides 25%, variation in speed, without electrical 
control, by manual adjustment of motor sheave. 
Adjustment easily made after installation to suit 
varying conditions. 


® Fan and motor are mounted as a unit by mounting 
ring. No other support required. 


® Motor will not overload. Has DeBothezat non- 
overloading power characteristics. 


® Quiet in operation, rugged in construction, eco- 
nomical in power consumption. 


Write us for descriptive bulletin and detailed information. 


DE BOTHEZAT DIVISION 


American Machine and Metals Manufacturing Corporation 


100 Sixth Avenue New York, N. Y. 

















opposite end of the crosshead a hardened steel roller is mounted 
on roller bearings, and the crossheads and rollers are operated 
by an annular “floating eccentric” which imparts positive motion 
to each crosshead in both directions (suction and discharge).— 
Logan Engineering Co., 4541 Ravenswood*Ave., Chicago, III. 


Process Cycle Controller Announced 


No. 1061—New process cycle controller, known as Model 
6088V, has been developed to fulfill the requirements, particu- 
larly in the rubber and molded plastics industries, where a 
variable speed controller is needed. This instrument is suitable 
for automatically controlling any operation which operates on a 
cycle that must be changed from time to time. It is equipped 
with one cam operating one or two patented, leakless, three-way 
pilot valves, as required by the 
process. The cam is adjustable to 
carry out any desired time cycle, 
regardless of duration, within the 
range of the controller cam. 

A novel two-speed cam oper- 
ating mechanism makes possible a 
multiplicity of speeds obtainable 
with but a single cam. The vari- 
able speed mechanism employed 
involves no gear shifts, governors, 
springs, or escapements, and is 
extremely simple in construction, 
according to the manufacturer.— 
The Bristol Co.,“Waterbury, 
Conn. 





New Air Filter Unfit» 


, , ‘“ ~~ - ” 
No, 1062—New “Airmat PL-24 
filtering material in a compact unit of new design for air con- 


presents the “Airmat” dry 
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AS DEVELOPED THE RIGHT TECHNIQUE 
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Y da SEE 
A / 5 Ants a By Constant Effort In One Line 


The expert angler through practice and pa- 
tience develops more than fisherman's luck. 
We have through years of experience in the 
manufacture of one line developed experts 
who can serve you quickly, efficiently and 
frequently more economically than you can 
manufacture in your own plant. 





There are now 38 combinations of fin and tube sizes 
and fin spacings in our standard line of finned tubing. 


) THE BUSH MFG. CO., HARTFORD, CONN. 


BRANCH FACTORY 610 N. OAKLEY BLVD. 
CHICAGO, ILL. 


BRANCH OFFICES: NEW YORK, DETROIT, CHICAGO, DAYTON, 
CLEVELAND, PHILADELPHIA AND LOS ANGELES 








N. cold line insulation 
can be more efficient than 
its least protected unit. 
Corinco Cork Pipe Covering 
is so designed, manufac- 
tured and applied that 
uniform protection is 
assured at all times. 


155 EAST 44° STREET. 





Please wuestizate 
Mn ctkcctcd oA — 
Vderstend tT 








Moawwlennnce Ano wit? 


te practrenlly hee 


POMPANY INE: 


NEW YORK CITY, N. Y. 





BRANCHES AND DISTRIBUTORS IN PRINCIPAL CITIES + FACTORY: WILMINGTON, DEL. 
MANUFACTURERS OF CORINCO SHEET CORK - CORINCO GRANULATED CORK + CORINCO CORK PIPE COVERING 
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APPEARANCE ALONE Does Not 
make an EFFICIENT Unit Heater 


It must have the “insides” to 
deliver the heat you want and 
expect of a unit heater. It 
must be free from dissimilar 
metals which cause electroly- 
sis that causes breakdown of 
units, leaks, etc. Cabinets 
are not the working parts— 
only for eye appeal, not per- 
formance. 


THAT’S WHY GRID UNIT 
HEATERS TODAY LOOK 
LIKE THOSE OF 1929 


sh atin nochange in design oF anatriction “od 
UNIT HEATER 


tetnally Unit Heater. ——*. It was 
designed correctly to over- 
FUNDAMENTALLY come CA wupimecnss ot 

DESIGNED change has been necessary in 8 heat- 
AND MADE RIGHT 


The Grid has stood the 
- FROM THE START 





ing seasons. 

test—without a single failure. That's 
why today it is distinctive among unit 
heaters. Let us send you the complete 
story. 


THE UNIT HEATER & COOLER CO. 
Wausau, Wisconsin 














Do you 
BUY 


DOUBLE? 


Ce aie 


E 


Ge a 





Are you one of those shrewd individuals who 
consider two points paramount in any pur- 
chase? Have you learned that the results 
obtained in relation to the price paid is the determining factor 
in establishing value? If you are such a person, then we 
know Pomona Pumps will interest you. 





Consider these things. They are the paramount points. Pomona 
may not be the cheapest pump to buy, but it is the most 
economical to own. Pomona may not produce more water 
from a given source, but it will produce it with less operating 
expense. Pomona may not make extravagant claims of 
momentary efficiencies, but it will establish them through 
trouble-free, multi-year service on the job. Be wise, buy 
double, buy Pomona. 


POMONA PUMP CO. 


53 W. Jackson Blvd., Chicago @ 206 E. Commercial St., Pomona, Cal. 


POMONA TURBINE PUMPS 
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ditioning service. It is of standard unit construction with inter- 
changeable filter element and frame. 

The filter element comprises two matched serrated sections 
which support the filtering medium in deep pleats to provide 
maximum filtering area and to seal the edges against air leak- 
age. The “Airmat” material, furnished in rolls, is applied to 
the filter element by means of a simple loader available in either 
manual or mechanical type. Either six-ply or ten-ply is used, 
depending upon the requirements. 

Unit is 24 in. square by 8 5/16 in. deep, rated at 1000 cfm. 
Effective filtering surface is 28 sq ft and initial resistence 0.08 
in. W.G.—American Air Filter Co., Inc., 107 Central Ave., 
Louisville, Ky. 


Heavy Duty Steamfitters’ Vise 


No. 1063**—New steamfitters’ vise especially designed for 
heavy pipe work has jaws which are designed to grip all sizes 
f pipe firmly, and all parts are 
extra heavy. The tool steel jaw 
facings, removable, have both flat 
and double radius curved sections, 
with the flat sections deeply mill 
checked. The pipe grip jaw fac- 
ings are curved on two different 
radii to hold pipe of various sizes 
firmly; the vise holds any size 
pipe from % to 6 in., according 
to the maker. 

Front jaw of vise is fixed and back jaw movable; thus, long 
lengths of pipe rest on the bench without supports.—Athol 
Machine & Foundry Co., 621-631 S. Kolmar Ave., Chicago, III. 





Self-Cleaning Drip Nozzle 


No. 1064—In a self-cleaning drip nozzle recently developed, the 
liquid passes through nozzle and drips off end. Any quantity 
up to 9 quarts of water an hour can be obtained by use of stock 
nozzles, and nozzles of larger capacity can also be furnished. 
Change in flow is made by turning an adjusting nut. 

Each time liquid is turned on or shut off, the parts governing 
flow move forward and backward, keeping themselves clean. 
Working parts are of special bronze, and varying pressures will 
not change the flow, states the maker. 

Nozzle is 1/2 in. in diameter and 334 in. long and is fur- 
nished with 1/8 in. male pipe thread connection—Rega Mfg. 
Co., 79 Mt. Hope Ave., Rochester, N. Y. 


New Industrial Dryers 


No. 1065—New “Aero-Form” method of continuous automatic 
air drying of wet-solid or plastic materials after filtering, set- 
tling or other preliminary treatment, solves problems which 
have been troublesome for processors of materials of many 
kinds, according to the manufacturer. Advantages include 
greater speed not only in drying, but in handling materials to 
and from the dryer, uniformity in drying, elimination of extreme 
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$10,000 


IN SIX MONTHS 





No special skill is re 
quired to 
Phos-Copper 
picture testifes 
young lady is 
refrigerator 
drator tank. 


with 
this 
I at 
brazing 


dehy 


braze 


as 
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‘ — 
t’S hard to believe a brazing alloy 


could mean such savings, but it’s true. 


After two years of extensive tests, a well- 
known electrical refrigerator manufac- 
turer standardized on Phos-Copper in 
preference to all other brazing alloys. 


The result was a $10,000 saving in six 
months...a saving made possible by 
lower first cost... by the superiority of 
joints which meant fewer rejections. . . 
and because less labor was required in 
the use of Phos-Copper. 


Try Phos-Copper. Then compare costs 
with any other brazing alloy. You, too, 
may find worthwhile savings by standard- 
izing on Phos-Copper—the superior braz- 
ing alloy. J 20112 


TRY PHOS-COPPER 
at our expense « - 













WRITE FOR A TRIAL SAM- 
PLE. We will also send 
you, without obligation, 
a copy of Booklet 2076 
which contains tech- 
nical and test data on 
PhosCopper. Address 
Dept. 5-N, Westing- 
nouns Electric & Mfg. 

Co., East Pittsburgh, Pa. 
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\ Otfer You ? 


Do you realize that Auditorium 
has over 25 patents issued and 





many applications pending? 
These patents do not represent 
one particular feature of air con- 
conditioning nor are they the 
achievements of any one man. 


THEY REPRESENT THE BEST THOUGHT 
AND EFFORT OF RECOGNIZED 
AUTHORITIES 


IN AIR CONDITIONING 


and cover a large number of desirable features 














They are all available to you upon the basis of a compara- 
tively small royalty which is paid by the owner. For this 
royalty you are enabled to select the best or more desirable 
features of any or all of the patents for any installation. 
You receive the benefits of inventions and practices which 
are considered HIGHLY VALUABLE by Leaders in the air 
conditioning industry, which have acknowledged the 
VALIDITY AND GREAT VALUE of the Auditorium pat- 
ents by becoming Licensees. 














You may secure permission from these Licensees to use 
any or all of these devices and practices and you have the 
prestige of being able to tell the owner that your proposal 
gives him all the advantages which are being enjoyed in 
the outstanding air conditioning installations in this 
country. 


The following Licensees are authorized to use 
or to grant permission to use all Auditorium 
Patents: — 


® AMERICAN BLOWER CORPORATION, 
Detroit, Mich. 


CARRIER ENGINEERING CORP. 
Newark, N. J. 


GENERAL ELECTRIC COMPANY, 
Schenectady, N. Y. 


J. = ROSS ENGINEERING CORP., 
New York, N. Y. 


® THE COOLING & AIR CONDITIONING CORP., 


(Division of B. F. Sturtevant Co 


Hyde Park, Boston, Mass. 


YORK ICE MACHINERY CORPORATION, 
York, Pa. 


AUDITORIUM CONDITIONING 
CORPORATION 


New York Office—17 East 42nd Street 
New York 





























Westinghouse ~ 












© Note: All Licensees Have Bound Copies OF The 
= Auditonum Patents Whith: Are Available For Reference. 
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handling 





high pressure 


dependable ae 


CONTROL 
of 


HEATING * VENTILATING * AIR CONDITIONING 


For controlling heavy oils or steam at 


or room temperature 


A 


control with a 11,° differential or 


control, or 


large flows, or controlling 


hot water systems, ij install GENERALS 


for unfailing operation. Catalog $-182 


1370 Herrison Street 
Sen Francisco, Calif. 


ee CONTROLS 


1805 Broadway 
Cleveland, Ohio 


ORIGINATORS OF THE QUIET A. C. SOLENOID 








CHROMALOX 





This 60-Page 


book of 
a ratite Heating 





ELECTRIC 
UNIT 


HEATERS 





Cut the cost of 
“‘stop-and-go” heating 


The shop or office equipped with these 
unit heaters has no worries about an oc- 
casional ennpey day. No need for discom- 
fort, or numb, inaccurate fingers. No need, 
either, for firing up a whole steam heating 
system for only a few hours’ heat. Simply 
snap on a few Chromalox electric unit 
heaters, throw the heat WHERE you want 
it, for only as long as it is needed. Heat- 
ing cost ceases the instant the switch is 
turhed off. 

Other types of Chromalox units are par- 
ticularly adapted for installation in air 
ducts of AIR CONDITIONING systems. 
Every heating and air conditioning engi- 
neer will want the facts. Mail the coupon 
with your letterhead, and get the valuable 
Chromalox Book of Electric Heat. 


EDWIN L. WIEGAND CO., 
7610 Thomas Blvd., Pittsburgh, Pa. 


Send me the new 60-page CHROMALOX book, 
and full information on Unit Heaters. 


Name .. 


Position . 
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dusting and disintegration of the material, and freedom from 
contamination. 

The principle is to put the material to be dried into a form 
that is suitable for fast, economical and uniform drying, this 
being done as an integral part of the drying process. The ma- 
terial as it is fed to the machine from the filter or settling 
tank is automatically formed into small rectangular sticks of 
uniform cross-section and density. As it is being formed, it is 
simultaneously set by partial drying. These little sticks of 
material are carried through the dryer without being disturbed 
or broken, and heated air is driven through the loosely piled bed 
of sticks so that drying is rapid and uniform. 

The illustration shows the drum which forms the small sticks 
before they enter the dryer.—Proctor & Schwartz, Inc., Seventh 
St. & Tabor Rd., Philadelphia, Pa. 


Readability of Thermometers Improved 


No. 1066—New thermometer tubing (known as “Binoc’’) has 
been developed to improve the readability of mercury-in-glass 
industrial thermometers. Advantages of design include, accord- 
ing to the manufacturer, more than twice the accustomed angle 
of vision combined with high 
magnification of the mercury 
column, binocular vision 
(readability with both eyes) 
at normal or greater than 
normal - distances, triple-lens 
construction which gathers 
three times as much light 
and concentrates it behind 
the mercury column, and the 
climination of confusing 
empty-bore reflections by the 
scientifically determined lens 
angle and extended opaque 
background. Legibility of the 
thermometers is further im- 
proved by bold numerals and 
graduations on cream-tinted, 
non-tarnishing scale. The 
instruments are available in 
straight, angle and handled 
forms.—Taylor Instrument 
Companies, 95 Ames St., 
Rochester, N. Y. 





Balancing Elbows and Radiator Valves 
for Hot Water Heating System 


No. 1067—Development of balancing elbows and tight-close 
radiator valves for con- 
trol of 
forced hot water heat- 


gravity and 


ing systems, was _ re- 
cently announced. The 
elbows, available in %, 
4, and 3% in. sizes for 
radiator return connec- 
tions, make it possible 
to provide correct flow 
to each radiator after 
installation. Adjustable 
baffle;-which can be set 
after job is in operation 
without draining system, 
chokes flow to radiators 
closest to the boiler and 
provides free flow to 
distant radiators. 

This balancing feature 





is also incorporated in 
straightway fittings for 
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MILVACO MODERNIZATION UNITS 
CUT OUR HEATING 
COSTS FROM I5 TO \y 
25% IN EVERY BUILD- [, om 
ING SO FAR.. WE'LL FF. 

CONTINUE TO SPECIFY A? 


THEM. 

























































End the Nightmare of Heavy 
STEAM LOSS! | 


OES the familiar ghost of escaping Steam haunt your dreams 

of lower power costs? If you are conveying Steam under- 
ground, in an inadequate or outmoded system—better check up 
on it. About the time you think you've got this ghost buried, he 
goes on the loose again-—and throws fits into your operating 
costs—with resulting heat loss, fuel waste, boiler forcing, and 
inadequate steam supply. 


Ric-WiL Conduit is tailor-made for just this sort of thing. A | MILVACO MODERNIZATION 


¥ tly i 1 system, it will keep your steam li 
(present or contemplated) tight, dry and 90%-+-efficient. Obtain. | UNITS ARE EASY AND ECO- 
NOMICAL TO INSTALL. They 


able in a variety of designs and materials, it secures maximum 

results on any problem of underground steam transmission. ; haat ffici 

Insulation is the famous Ric-wil Watertight Asbestos Dry-paC | 'Nerease heating system efficiency 

(other insulations optional). Installation instructions and engi- in addition to reducing fuel con- 

neering service drawings furnished—also field supervision if | _ ti . 

desired. Write for catalog. sumption. 

The Ric-wiL Co., Union Trust Bldg., Cleveland, Ohio | 
New York San Francisco Chicago 


Agents in principal cities. 





No. 26-B 


MILVACO Modernization Units renew 
the operating efficiency of old and worn 
valves and traps. When _ installing 
MILVACO Modernization Units it is 
never necessary to break any line con- 
nections. The old valve and trap bodies 
remain undisturbed in the line. 





Heat loss from conduit in wet soil is over four times that in | | 
dry soil. Ric-wil External Base Drain keeps the soil dry. 











MILVACO Trap Adaptors and Bonnet 
Replacements are easily and quickly in- 
stalled after the old ones are removed 
and, because they operate with precision 
accuracy for a longer period of time, it 
is considerably more economical to use 


MILVACO. 


There is a MILVACO Specialized Mod- 
ernization Unit to fit every well-known 
make of radiator valve and trap in gen- 
eral use today. 


MILVACO Distributors have complete 
information and are in a position to 
render valuable assistance to building 
maintenance engineers and heating con- 
tractors who contemplate heating system 
modernization. 





et 


27 


Re Gea. mune ve cova 


Manufacturers of 


CONDUIT SYSTEMS FOR MILVACO Heating Specialties—APPROVED Bronze Valves 





UNDERGROUND STEAM PIPES | 











URTIS 


AIR-CONDITIONING UNITS AND 
COMMERCIAL REFRIGERATION 


ee om 











1/6th H. P. to 30 tons—Air and Water 
cooled. Extra capacity—Slow operat- 
ing speed —Experienced design — Low 
up-keep— Rugged construction—Fine 
materials and Precision workmanship. 
Some desirable territories still open. 


Advanced design, soundly engineered. 
82 successful years—financial stability. 


C T CURTIS REFRIGERATING MACHINE CO. 
U Q is Division of CURTIS MANUFACTURING CO. 
1950 KIENLEN AVE., ST. LOUIS, MO., U.S. A. 





Disassembled view showing West- 
co's Casings, patented Removable 
Liners and Impeller which is pump's 
only moving part. Impeller operates 
without metal-to-metal contact, 





SPECIAL PUMP 
for Air Conditioning Duties 


this compact, Westco Turbine 


HE capacity delivered by 
Pump is NOT materially affected by considerable increase 


or decrease in head. 


Horse power consumption decreases in proportion to any head 
decrease, thereby maintaining efficiency and guarding against 
motor overload. Patented Removable Liners mean lifetime 
service for pump casings. 

Send Coupon for Details 


Fill in coupon and mail today for 
FREE interesting literature. MICRO- 
WESTCO, Inc., Bettendorf, Iowa. 
Branches: New York, Phila., Chicago, 
Los Angeles, San Francisco, 


snenann--===- MAIL COUPON TODAY ------------- 





! 
i 1 
; Micro-Westco, Inc., Bettendorf, Iowa, Dept. H-9. Gentlemen: Please | 
1 
1 send FREE Literature on Westco Uni-Bilt Pumps. i 
1 I 
; > iitien thee ha da than bhenhbeansews sedwades bd ondndskesseetieceboun ; 
! j 
rE aca oil cade Coal OM wi ek Ge ll re Sh i eet tre ge aie ite u 
; l 
fh eye ob sneen Seuensheonsases s<cudbeiaads ts wcedaeas ’ 
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use on the return connections of convector radiators. Both 
the balancing elbows and the straightway fittings, besides 
being supplied with standard pipe thread at the bottom, are 
furnished with sweat connections for copper pipe jobs. 

The radiator valves are made in both packless and pack types 
for 3/4 in. or 1/2 in, pipe connections, and employ a patented 
“swinging plate” feature. This plate, concentric with the bore 
of the valve, provides means for keeping the radiators, especially 
where a circulator is used, from getting too warm.—American 
Radiator Co., 40 W. 40th St., New York, N. Y. 


Sleeve Clamp for Hydraulic Lines 


No. 1068—New clamp recently developed for attaching rubber 
sleeves to hydraulic pipe lines consists of a cast head roughly 
triangular shape, a 1 in. screw, a long swiveled handle, and a 
3/8 in. chain riveted to one end of the screw, and hooked to 
the block on the other end. The screw is placed at a tangent to 
the circle for even 
pressure distribution. 
The clamp is supplied 
with either a flat bot- 
tomed block or a com- 
pound curve that will 
fit any radius within 
its capacity. The illus- 
tration shows the 
clamp applied to a 
pipe line laid on the 
ground.—The __ Black 
Bros. Co., Inc., Men- 
dota, Ill. 








Distance Instruments for Flow and Level 


No. 1069—New distance transmission system for reading flow 
and level is based on the use of a pair of synchronous induction 
motors having wound stators with definite poles which are con- 
nected to the alternating current supply source for excitation. 
The armatures have a three circuit Y winding which connects 
directly to the rotor winding of the associated motor or motors. 

Movement of the rotor of the sending motor unbalances the 
circuit and requires the rotor of the receiving motor to move 
exactly the same amount. According to the manufacturer, tests 
shew an accuracy of better than 1/2 of 1 per cent. 










The illustration shows the conveniently located board carr) 
ing the receiving motors and instrument cases for eight distanc: 
level controllers, indicating and controlling ‘the level at eight 
stations throughout a distillation recovery unit of a solvent e 
traction plant—C. J. Tagliabue Mfg. Co., Park & Nostra 
Aves., Brooklyn, N. Y. 
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AEROFIN 


Light-weight Fan-system Heat Exchange Surface 


MORE THAN A PRODUCT 


The Result of an Unusual 
Co-operative Service 


EROFIN CORPORATION is founded 
on an unusual business principle. It sells 
only through nationally advertised fan manu- 
facturers and therefore has no individual 
salesmen. It cooperates exclusively with 
manufacturers of national reputation in the 
development of scientifically engineered fan- 
system heating, cooling and ventilating plants. 
Aerofin surface is something more than a 
product. It is the result of the co-ordinated 
effort of national fan manufacturers and heat- 
ing and refrigerating engineers to give you the 
results you have a right to expect from your 
forced air distribution system. 
| 


iii tinh 


AEROFIN DISTRIBUTORS 
B. F. Sturtevant Co. 
Buffalo Forge Co. 

Ilg Electric Ventilating Co. 
American Blower Corp. 
Clarage Fan Co. 

The Bishop & Babcock Mfg. Co. 
Garden City Fan Co. 
Western Blower Co. 

New York Blower Co. 
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= 


= 





























Canada 
Canadian Blower & Forge Co. 
B. F. Sturtevant Co. of Can., Ltd. 
Canadian Sirocco Co. 


Sheldon’s Limited 


All of the above have branches in 
your vicinity. 


OO 


Buy Aerofin through the distributors listed 
above. You can be sure that it will live up to 
specifications, that it incorporates every im- 
provement that spells high efficiency, relia- 
bility, long life and full satisfaction to your 
client. 

Whatever your problem, get the benefit of 
Aerofin’s skill and special engineering knowl- 
edge in solving it. Let Aerofin’s home office 
or any of its branches study your 
requirements. The prompt, per- 
sonal, technical cooperation of its 
engineers is at your service. 
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Aerorin CorPoRATION 
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WATER & VAPOR- PROOF 
PAPER ENVELOPE 
OVERLAPS 6” 








AIR DUCTS 


with Ozite 
and Reduce Heating Costs! 


Your clients will appreciate the fuel saving as- 
sured by insulating air ducts with Ozite Hair 
Felt. This highly efficient barrier against cold 
has a thermal conductivity of 0.246 B.t.u.’s. 
Made entirely of sterilized cattle hair it assures 
lasting protection. It is preferred by contractors 
because of its amazingly simple application. It 
cuts easily and is wrapped on, fitting snugly 
around elbows and other parts difficult to insu- 


late with other materials. 


Write today for specifications and full details. 


AMERICAN HAIR & FELT COMPANY 


MERCHANDISE MART 





Ozite 


and DUCT 


FOR ALL SOUND, HEAT 
COLD INSULATION 





HAIR FELT 
AIR DUCT LINING 
INSULATION 
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Osite Hair Felt 
Duct Insulation 


No wires necessary. 


CHICAGO, ILL. 














AND 
PURPOSES 
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3 to 4 
times 
MORE 
WEAR 


The Randall D.R.O.R. (Double Reservoir Oil 
Return) pillow block is outstanding in the air 
conditioning field for extra long, QUIET opera- 
tion. Precision bored to close tolerances, self- 
aligning and self-lubricating, it is assurance of 
long trouble-free use. 





Patented 


In addition to an upper oil reservoir, the 
Randall D.R.O.R. has a lower, wool packed, 
reservoir which returns unconsumed oil to the 
bearing surface through graphite feed plugs. 


Randall D.R.O.R. pillow blocks are used as 
standard equipment by most manufacturers in 
the air conditioning and warm air heating fields. 
They can help to improve your product, too. 
Write for literature, sizes and prices. 


Pacific Coast Stocks 
Cc. W. Marwedel 


76 First St. 
San Francisco, Cal. 


Utility Fan and Mfg. Co. 
2528 Santa Fe Ave. 
Los Angeles, Cal. 








Randall GRAPHITE PRODUCTS CORP 





Dept. £09 609 W. Lake St., Chicago, lil. 





for economy of operation 
and protection of invest- 
ment, investigate the 
VILTER FREON COMPRESSOR 


EAVILTER 


“SINCE te067 MANUFACTURING COMPANY 
2148 South First 


WISCONSIN 


Street 


MILWAUKEE 


RESENTAT ! 





By the 
best 
authorities 


Good, sound, practical infor- 
mation which will help 
greatly in simplifying your 
work and which is written by 
the industry’s best authori- 
ties. This best describes the 
contents of every issue of 
HEATING, PIPING and AIR 
CONDITIONING. 


To be thoroughly informed sub- 
scribe today. Two Dollars a year. 


HEATING, PIPING 


and 
AIR CONDITIONING 


6 N. Michigan Avenue, 
Chicago, Ill. 
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Vest Pocket Draft Gauge 


No. 1070—Vest pocket size draft gauge, which, the manu- 
facturer states, is readable to 1/100 in. draft, has a range of 
0.14 in. up-draft to 0.10 in. down-draft. Designed for one hand 
operation, it gives readings quickly. Weight is less than 3 oz. 

In use, one end of the draft tube is pressed into a hole at 
the top of the gauge and the draft tube is inserted into the flue 
pipe. A finger is placed over the hole at the bottom of the gauge 
and the gauge is levelled so that the pointer reads zero. When 
the finger is removed the pointer swings to the correct draft, 
showing the reading on a clearly marked scale—Bacharach 
Industrial Instrument Co., 7000 Bennett St.. Pittsburgh, Pa. 


Controllers for Temperature, Liquid Level, 
Pressure and Humidity 

No. 1071—New 
temperature, flow, liquid level, pressure, time-pressure and hu- 
midity, known as “Master Free-Vane Controllers” are offered 
primarily for applications where a greatly reduced sensitivity 
is re- 


line of controllers for temperature, time- 


(wide throttling range) 
quired, and the load conditions 
fluctuate over a wide range. Of 
the pneumatic type, the 
troller operates on the manufac- 
turer’s “Free-Vane” principle of 


con- 


control. 

It is equipped with a sensi- 
tivity adjustment, an automatic 
reset, and features 
which minimize hunting. 
offered to take care of severe 
conditions encountered in proc- 
load 


accessory 
it is 


esses, such as_ sudden 
changes, over-shooting, etc., and 
is a self-contained instrument. 
According to the maker, it is 
possible to obtain precision con- 


with this instrument on 





difficult 
without assistance from the operator—The Bristol Co., Water 


trol extremely applications 


bury, Conn. 








Recent Trade Literature 








For your convenience in obtaining copies 
of bulletins, see coupon on page 136 


No. 2105—AIR CONDITIONERS: Westinghouse Electric 
& Mig. Co., Mansfield, O. 4 p. bulletin describing “Mobilaire” 
self-contained unit for summer air conditioning, illustrating con- 
struction and giving description and specifications ; hermetically 
sealed condensing unit is direct connected to a capacitor type 
'% hp motor. Also, data sheet giving cooling capacities of unit 
with various entering air dry bulb temperatures, relative humidi 
ties and condenser water temperatures. 

No. 2106—AIR CONDITIONING: Frick Co., Waynesboro, 
Pa. Issue of “The Frick System,” Vol. 8, No. 1, describing air 
conditioning installation at the Standard Caramel Co., Lancaster, 
Pa., installed in 1910 and in operation today. 

No. 2107—BOILERS: Kewanee Boiler Corp., Kewanee, I!! 
20 p. general catalog of steel boilers, giving simplified practice 
ratings for the complete line of this company’s firebox boilers 
All diagrams have been remade to conform with the simplifiec 
practice, and the specification data and measurements are all new 
in accordance with the standard ratings for low pressure stee! 
firebox heating boilers, adopted by the Steel Heating Boiler 1) 
stitute. Data are given on firebox riveted boilers in up-draft and 
smokeless types and welded boilers for hand fired coal, and for 
oil, gas or stoker firing. 
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Webster Type H-2 valve, for 
atmospheric oropen returns, 
right; and Type H-3 for vac- 
uum return systems, left. 
Available in all sizesupto 12” 


Webster Super-Sensitive | 
Pressure Reducing Valves 


Webster Super-Sensitive Pressure Reducing Valves, 








NATIONAL 


The National trade- 
mark is the seal of 
highest quality for a 





















Whether it be a 
big 10-ft. National 




























designed for use in controlling low pressure steam | complete line of cor. Blower type unit 
. ; ; : é rectly engineered and i @ as ia 
delivery to heating systems, is also applicable to in- nani roe *— 
By the mokersof dustrial processes requiring unusually mode om utility blower, the 
i- ¢ oncirion- for the user is 
close control of pressures. By substi agane for, the, weer te 
tuting a compact electric-hydraulic a 
Steam Heating mechanism for the ordinary pressure No matter what your customer's re- 
quirements are, you can fill them com- 


reducing valve diaphragm, control of 
delivery pressure within 1/10 Ib. per sq. in., plus or 
minus, is maintained regardless of fluctuating pres- | 
sures ahead of the valve as high as 125 per sq. in. | < SEND FOR THIS CATALOG 
WARREN WEBSTER & CO., 1635 Federal St., Camden, N. J. | 


Pione fthe V S f Steam H ing—Est. 1888 
Dicdthes ts Ge ehinctead U. &. Cotes olin ean. GK Mose Cees NATIONAL FA NAN BLOWER 


540 W. Washington Boulevard, Chicago, Ill. 





pletely and satisfactorily with the Ne- 
tional line. Ask us about our 100°, 


agency proposition. 
















| Or high cost of water is a prob- 


lem every Air Conditioning 
Engineer must face. It is pos- 
| gible to save 10, 20, 30 or even 50 per 





convenience. 





KANE Gas Firea 
Steam Boilers meet all mod- 


ern requirements for economy and 
efficiency ... 


for safety. .. and for 


\utomatically controlled to burn gas only when steam is needed, 
they maintain a fixed working pressure with the very minimum 


anual attention. 
fuel and ash handling. 


Built in two types and 17 sizes . . 


requirements. 
Write for details ... 


And, being gas fired, they eliminate troublesome 


. there’s a KANE to meet your 


no obligation. 


AZARS-KANE-OFELDT 


Executive Office and Factory 


1903-1915 EAST HAGERT ST. 


Branch Offices or Distributors in Principal Cities 


PHILADELPHIA 








cent by the installation of Layne 
scientifically engineered Wells and 
Pumps. 

If your water cost is too high, let 
a Layne hydrological engineer study 
your problems. Constructive money 
saving suggestions can be secured 
without cost or obligation. Layne 
Pumps and Wells are universally 
known for high efficiency and low 
operating costs. For literature, write 
Layne & Bowler, Inc., Dept. K. Mem- 
phis, Tenn. 


AFFILIATED COMPANIES 


LAYNE-ARKANSAS CO., Srurroanr. Anx 
—LAYNE-ATLANTIC CO., Nomroux, Va 

LAYNE-CENTRAL CO., Mewrws, Tews 

LAYNE-NORTHERN CO. INC. Misnawana 
two. ~LAYNE-LOUISIANA CO., INC., Lane 
Cnances, La.—-LaYNe-New York Co. 
INC.. New Yorn Crty—LaYNe-NorTu- 
WEST CO.. Mu. waunee, Wis. —THE LAYNE- 
Ono CO. Cowwmeus, Owo—Layne- 
BOWLER New ENGLAND CO. Boston 
Mass.—LAYNE-TEXAS CO.. Housrow. Tex 
—~LAYNE-WESTERN CO. Kansas Cir 
Mo. Cmcaco, tu ano = Minwearo.s, 
Minn. — INTERNATIONAL WATER SUPPLY 
LTO.. Fort Enc, N.. Owramo, Canava 


LAYNE PUMPS 


LAYNE WELL WATER SYSTEMS 
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LET ME HELP YOU 
keep temperature records 



























ask your jobber 





PRACTICA Liszt 


@ I am a Practical Recording Thermometer— 
portable, dependable and economical wherever 
air-temperature records are needed. Hundreds 
use me in air conditioning and heating work. 
I keep a 24-hour record on a 4 inch chart, 
operating on a spring clock movement. Pen 
ard bi-metal element built in door, swinging 
cut of way when chart is changed. Price $18 
fob. Chicago including extra charts, ink and 
carrying cose. Write for 15 Day Trial Inspec- 
tion offer. 
Practical Instrument Company 
2719 N. Ashland, Chicago 





CUT COSTS OF 
OPERATING 


LOOL/NG 
A/E LONO/T/ONING 
and HEATING SYSTEMS 






Regulated Ozone generation by Elec- 
troaire equipment kills odors, fresh- 
ens and revitalizes air; maximum 
recirculation—no ‘“‘stuffy” feeling— 
no body, musty, moldy or stale 
tobacco smells. 

Profitable Dealer 


franchises open. 

















Rempe Co., 340 N. Sacramento Blvd., Chicago, Illinois 


THE ELECTROAIRE CORPORATION 


(Successor to Ozone Pure Airifier Co.) 


1460 W. Congress Street icago, Ill. 


EMPE 


FIN COILS 


for Commercial Use 
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BULLETIN 709 
AUTOMATIC STARTER 


for 
a 
squirrel-cage motors 
This compact across-the-line solenoid starter pro- 
vides remote control and no-voltage protection. 
Its silver alloy contacts require te maintenance. 


Available in ratings to 15 hp, 110 volts; 30 hp, 220 
volts; 50 hp, 440-550 volts. Write for Bulletin 709. 
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No. 2108—COAL: Appalachian Coals, Inc., Transportation 
Bidg., Cincinnati, O. 4 p. folder listing producing companics 
which mine high volatile coals distributed by this regional mar- 
keting agency. 

No. 2109—CONTROLS: Perfex Controls Co., 415 W. Okla- 
homa PIl., Milwaukee, Wis. Catalog covering this company’s 
line of automatic control equipment for heating, air conditioning 
and refrigeration. 

No. 2110—COOLING SYSTEMS: Ilg Electric Ventilating 
Co., 2850 N. Crawford Ave., Chicago, Ill. 64 p. catalog giving 
simplified instructions for estimating “Ilg-Kold” cooling sys- 
tems, including reasons for and rules pertaining to and helpful in 
planning systems, as well as suggestions for installing, operating 
and servicing air conditioning systems. Numerous curves, forms 
and tables are presented, typical problems are calculated, and de- 
tailed information on calculations is given. 

No, 2111—DEHYDRATION OF AIR: H. J. Kaufman, 
13215 Roselawn Ave., Detroit, Mich. 4 p. leaflet on chemical de- 
hydration of air for air conditioning and manufacturing processes, 
discussing theory, apparatus and application of dehydrating cabi- 
nets with and without cooling. 

No. 2112—FLANGES: The Kropp Forge Co., 5301 W. Roose- 
velt Rd., Chicago, Ill. 24 p. list of stock forged steel flanges, 
including dimensions, weights and prices on standard flanges in 
sizes from 3% in. to 24 in., and data on flange facings, drilling 
templates, pressure-temperature ratings, threading standards, 
bursting pressures, and dimensions of standard, extra heavy, and 
double extra heavy pipe. 

No. 2113—FLOOR AND CEILING PLATES: American 
Radiator Co., 40 W. 40th St., New York, N. Y. Data sheet on 
“Arco” floor and ceiling plates for copper pipe sizes, with non- 
tarnish chrome finish. 

No, 2114—INSTRUMENTS AND CONTROLS: Julien P. 
Friez & Sons, Inc., 4 N. Central Ave., Baltimore, Md. 
fusely illustrated booklet on air conditioning instruments and con- 


20 p. pro- 


trols, describing the uses of this company’s products, including 
humidistats, windowstats, thermostats, the “Comfortrol,” portable 
temperature and humidity recorders, distant reading temperature 
and humidity recorders, psychrometers, anemometers, etc. 

No, 2115—INSULATION: Keasbey & Mattison Co., Butler 
Ave., Ambler, Pa. Catalog covering properties and uses of as- 
bestos and magnesia products, including insulations, millboard, 
asbestos lumber, insulating and refractory cements, packings and 
building materials. 

No. 2116—LUBRICATION: R. & H. Chemicals Dept., E. 
1. du Pont de Nemours & Co., Inc., Wilmington, Del. Data sheet 
“More About Lubrication,” giving information on Jubrication of 
methyl chloride compressors. 

No. 2117—LUBRICATION: The Texas Co., 135 E. 42nd 
St., New York, N. Y. 12 p. issue of “Lubrication,” Vol. 22, No. 
7, in which is included an article on deep well pump lubrication, 
with informative diagrams. 

No. 2118—MOTORS: The Lincoln Electric Co., 12818 Coit 
Rd., Cleveland, O. 6 p. bulletin of engineering pointers on the 
application, selection and installation of totally enclosed, fan 
cooled, squirrel cage, induction type “Linc-Weld” motors. Fea- 
tures are briefly described, and dimensions, approximate weights 
and list prices are given. 

No. 2119—PIPE HANGERS: The Grabler Mfg. Co., 6565 
Broadway, Cleveland, O. Catalog of “Square Gee” pipe hangers 
and accessories, illustrating and listing some 300 items, among 
which are newly developed pipe hangers and concrete inserts. 

No. 2120—REGULATORS: Young Regulator Co., 4500 Euclid 
Ave., Cleveland, O. 4 p. bulletin describing and illustrating regu- 
lator for controlling and indicating the position of a damper 
regulating the volume of air flow through a duct, which may 
be readily set and locked in a permanent position. 

No. 2121—STEAM FLOW MEASUREMENT: The Foxboro 
Co., Foxboro, Mass. 70 p. “Handbook of Steam Flow Measw 
ment,” by L. K. Spink, second edition, prepared for the co! 
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No other unions are 
‘ ground like Darts! Special os- 
cillating grinders were developed to 
grind Dart’s extra wide, spherically ac- 
curate, bronze-to-bronze seats that maintain true bearing over the entire 
seating surface. 

Dart bronze, too, is special—an alloy chosen for machinability, resist- 
ance to corrosive and electrolytic action, and for resilience to assure 
tight seating under repeated removal and re-installation. 

It takes 18 operations to make a Dart—to give you a better union. Just 
tell us the size you use most. We'll send you one to try out. 


= "5 a 


E. M. DART MFG. CO., PROVIDENCE, R. I. 


Sales Agents: The Fairbanks © ° i Factory: Dart Union Com- 
New York, and all pany, Ltd., Toronto, Canada. 


















branches. 
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—_——, pao _-- . 
Offer the ideal type of heat 
for factories, warehouses, etc., 
as well as lower heating costs. 
From the complete catalog 
line of Young units you can 
select a unit to meet your ex- 
acting requirements. 

Suspension type units are available in 
24 Models with capacities from 18,000 
B.t.u. to 658,000 B.t.u. per hour. There 


are ten floor Models varying from 
120,000 to 800,000 B.t.u. capacities. 


OFFICES IN ALL PRINCIPAL CITIES 





YOUNG RADIATOR COMPANY esi 
RACINE, WISCONSIN " 
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For Summer 


and Winter 


Air 
Conditioning 
Systems 


—use MONCRIEF 
AIR CONDITIONING 
PIPE AND FITTINGS, 


with special lock joints. Modern, accurately 
made, compact. Everything necessary to install | 
a complete air conditioning system. 


Send for new catalog. 


THE 
HENRY FURNACE & FOUNDRY 
COMPANY 


3480 E. 49th St. 


Cleveland, Ohio 














SAME DEPENDABLE PERFORMANCE But- 


HIGHER EFFICIENCY and LOWER OPERATING COST 


Tested side by side in our laboratories, this New Vertical 
Design actually used 25.2‘, less power than our Horizon- 
tal Design — yet the older Horizontal Design matches 
ANY other make from the standpoint of performance 
economy. Yes, we have made marked progress toward 
lower operating costs. Sizes for every vacuum heating 
requirement. Write for Bulletins 441 and 442A. 


AMERICAN STEAM PUMP COMPANY 


BATTLE CREEK, MICHIGAN ... Pumps and Pumps Only Since 1873 
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UNIT HEATERS BY AIRTHERM 


A nowly re-styled line of steam Copper or steel heating ele- 
and hot water unit heaters ments optional. 

manufactured by an organiza- Airtherm make a complete line 
tion with years of experience of direct fired _ spec 9 | 
in the unit heater gas, oil or coal tuel. 
field. Airtherm Unit INVESTIGATE 
Heaters are avail- AIRBLANKET — the 


able with propeller newest development 


ty sal in the unit heater 
or contri uze type field. The Airblanket 
fans in a wide range 


: : permits absolute 
of sizes for any job. 


control of air direc- 
Maximum quietness 


tion to heat the 
is secured through working zone. On 
the use of new 


your next “high ceil- 
method of four-point & ing” job use Air- 
motor mounting. blankets. 








Airtherm Manufacturing Co., 1476 S. Vandeventer, St. Louis, Mo. 








ARMSTRONG 


TRAPS (5. 
F : 
and for any woe” 
Catalog on Request 


ARMSTRONG MACHINE 
WORKS 

874M s 

= 

Mich. 

Stocks in all 

Principal 








Strength 
Convenience 
Economy 


@ Approved by National 
Board of Fire Under- 
writers. Write for catalog 


STEEL 
INSERTS 


THE GLOBE MACHINE & STAMPING CO. 


showing complete line 
of installation supplies. 


1220 WEST 76'H STREET ° CLEVELAND, OHIO 


“ALNOR”’ VELOMETER 


Instantaneous— Direct Reading 
Air Velocity Meter 
20 FFM to 6000 FFM 


Write for folder. 
_ ILLINOIS TESTING LABORATORIES, INC. 


419 No. La Salle St. Chicago, tilinois 
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venience of users of this company’s steam flow meters. Among 
the subjects discussed are the orifice type meter, straightening 
vanes, derivation of steam flow formulas, flow meter installation, 
operation of the uniform flow scale integrator, correcting read- 
ings to suit changed steam pressures, meters for fluctuating pres- 
sure applications, calculation of steam flow, and other data. 
Many tables and charts are included giving pertinent data in 
convenient form. Available to operating engineers and others 
concerned with steam flow problems. 


No. 2122—THREAD CUTTING MACHINERY: Landis 
Machine Co., Inc., Waynesboro, Pa. (a) 15 p. operator’s instruc- 
tion book on heat treated die heads for threading machines, tur- 
ret lathes and automatic screw machines. (b) 12 p. operator's 
instruction book covering collapsible taps for straight threads 
and for tapered threads. 


No. 2123—TUBING: Carpenter Steel Co., Welded Alloy Tubx 
Division, 347 Madison Ave., New York, N. Y. 8 p. technical 
bulletin of helpful data on the properties and uses of stainless 
welded tubing with description of manufacture, forms of welded 
tubing products, joining stainless steel tubing, notes on corrosion, 
working instructions and other information. 


No. 2124—UNIT HEATERS: Modine Mfg. Co., 17th St., 
Racine, Wis. 4 p. bulletin on “Textype” unit heaters especially 
designed for use in textile mills and other plants where foreign 
matter and lint are present in the air. Condenser construction 
is such as practically to eliminate clogging, and the design is 
explained and capacity and other data presented. 


No. 2125—VACUUM PUMPS: Worthington Pump and Ma- 
chinery Corp., Harrison, N. J. 4 p. bulletin on horizontal sim- 
plex air and steam heating vacuum pumps for steam heating, 
jet and surface condensers, priming suction lines, creosoting work 
and vacuum pan service, Sizes, capacities, and specifications are 
given. 

No. 2126—VENTILATION: The Swartwout Co., 18511 
Euclid Ave., Cleveland, O. 16 p. non-technical treatise on nat- 
ural ventilation for industrial and commercial buildings, with 
information on the necessity of ventilation, methods, air require- 
ments, estimating ventilator requirements, and describing rotary 
ventilators and the “Swartwout-Dexter” heat valve. Numerous 
installation views are shown, and the features of the equipment 
described. 


No, 2127—VALVES: American Radiator Co., 40 W. 40th St., 
New York, N. Y. Data sheet describing “Ideal Variport” air 
valves for radiators and “Arco Hurivent” for mains, the radiator 
valve having adjustable vent port to vary the venting rate of 
radiators in a one-pipe steam system. 

No. 2128—WATER METERS: Worthington-Gamon Meter 
Co., Harrison, N. J. 4 p. bulletin on disk, turbine and compound 
type water meters for cold water service, briefly describing fea- 
tures, and tabulating capacities, dimensions and weights. 


FOR YOUR CONVENIENCE 
Heating, Piping and Air Conditioning, 


6 N. Michigan Ave., Chicago, III. 

Please ask the manufacturer to send me more information 
about the equipment mentioned under the following reference 
numbers in “Equipment Developments” and “Recent Trade 
Literature.” (Circle the numbers in which you are interested) : 
1052 1053 1054 1055 1056 1057 1058 
1059 1060 1061 1062 1063 1064 1065 
1066 1067 1068 1069 1070 1071 
2105 2106 2107 2108 2109 2110 2111 
2112 2113 2114 2115 2116 2117 2118 
2119 2120 2121 21222 2122b 
2125 
Name 
Company . 

Address 


City 





